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SUMMARY
«
* rhiE thesis deals with the investigation by various 
chemical means, of the deodorant action of ammonium
' persulphate on bovine faecal slurry.
A reliable method was developed whereby volatile 
a constituents of the slurry could be detected gas chromato- 
graphically using a technique of precolumn trapping. Steam 
' distillation and various reduced pressure distillation 
; methods were also employed to provide samples for gas 
: chromatography. Tentative identifications were made from 
> retention data and this information was reinforced by 
combined gas chromatography and mass spectroscopy. This 
I allowed confirmation of many tentative identifications and 
i the detection of several further compounds.
Confident identifications included methane, carbon 
dioxide, hydrogen sulphide, ammonia, n-propane, methane- 
thiol, ethanol, methanol, ethanol, acetone, dimethyl
* sulphide, 2-propanol, 2-butanone, furfural, 2-methylpropanal,
 ^3-methylbutanal, benzene, toluene, ethylbenzene, chloroform, 
^carbon tetrachloride, indole and 3-methylindole. Derivative
^preparation (2;4 DNPH) followed by thin-layer chromatography 
iwas used to study the carbonyl compounds and an organoleptic
* assessment of g.c eluates confirmed the identification of 
several other compounds. The halocarbons were studied by 
electron-capture gas chromatography.
Comparison of treated and untreated slurries showed the 
«chief odour compounds to be hydrogen sulphide and dimethyl 
sulphide. Attempts to duplicate persulphate action showed 
its main influence to be due to pH reduction. It was found 
that this caused a redistribution of the slurry flora toward 
a non odour-producing fungal population. Its oxidising power 
Jand its ability to release free oxygen were also shown to 
‘play a part. , 1
A novel method was developed to determine the con­
centration of persulphate in treated slurry. This demonstrated 
{the short lifetime of this compound in slurry and supported
a
'the hypothesis of indirect action.
The Microbe is so very small 
You cannot make him out at all,
But many sanguine people hope 
To see him through a microscope0 
His jointed tongue that lies beneath 
A hundred curious rows of teeth,
His seven tufted tails With lots 
Of lovely pink and purple spots 
On each of which a pattern stands, 
Composed of forty separate bands;
His eyebrows of a tender green - 
All these have never yet been seen. 
But scientists who ought to know, 
Assure us that they must be so, - 
Oh,, let us never, never doubt 
What nobody is sure about.
HILAIRE BELLOC

CHAPTER 1
Background
1*1 The •problem
Atmospheric pollution has been the subject of a great deal of interest 
in recent years due to the general demand for action to protect the environ­
ment. There is, however, one aspect of the problem which has received 
comparatively little attention: the pollution due to odours arising from 
agricultural practise. These are generated by a variety of sources (l) and 
may be summarised in the following table.
Table 1 The origin and nature of agricultural odours
A B C
Crop production Animal production Treatment of manures
and wastes
i) Fertiliser and Cattle production and A wide variety of oper-
crop protection dairying: Pigs and Goats, ations 
treatment Poultry: (Especially
with intensive production)
ii) Harvesting oper— Slaughtering operations 
ations and
residue treatment .
iii) Processing oper­
ations, chemicals 
used for disinfec­
tion and cleaning
This thesis is concerned with odours arising from the treatment of 
manures and wastes.
Before the advent of the modern high intensity farming techniques there 
were relatively few complaints to local authorities about odour pollution. 
However, during recent years this number has shown a steady increase (2) 
Table 2 - Total number of complaints received annually by local 
authorities
Year i960 1961 1962 1963 1964 19^5 1966 1967 1968 1969 1970
complfints* 2334 2530 2574 2933 3178 3180 3341 3741 4656 5097 5218
* Includes domestic as well as offensive and selected trades
This is probably due to a combination of two effects. The urbanisation 
of large areas of countryside has meant that houses are ;now being buil* in 
close proximitj' to agricultural enterprises. In many cases the occupants of 
these have little or no- appreciation of the rural way of life. Secondly, 
agricultural practise has tended more and more toward intensive rearing with 
an associated increase in the odour oroblern.
By far the greatest source of odour nuisance on farms is due to animal 
excreta.® According to a report issued by the Ministry of Agriculture, 
Fisheries and Food (3) [hereafter referred to as M.A.F.F.] the average 
daily output of faeces from a dairy cow is 50 Eg and that an average farm 
has 100 cows. This requires disposal of 5 tonnes of faecal slurry daily. 
Previously when cows were allowed to roam freely the faeces v;ere spread 
thinly and caused no odour problem. With the advent of more indoor cattle 
rearing the accumulated slurry Ttfas periodically collected and stored in large 
heaps before being used as a fertiliser. Fermentation xlithin these helped 
to destroy pathogenic microorganisms. Manure spreading usually took place 
for a single short period each year. However, the tendency nowadays is to 
use liquid handling systems in which the total effluent from animal buildings 
including washdown water, is collected in one large tank. Liquid storage 
results in the development of more anaerobic bacteria more rapidly and the 
production of a different and stronger odour. In addition to this the 
artificial fertilisers are more easily stored and the correct dosage applied 
to the land. For this reason a large proportion of farms do not use animal 
manures as a fertiliser at all. This leads to very great disposal problems.
1*2 Alternatives to disposal on the land
Recently disposal has been carried out by a process of manure drying. 
This involves the removal of all, or at least most, of the water content of
the slurry by flash evaporation. This is a relatively expensive method,
usually relying on oil as its source of energy. Also, unless very carefully 
controlled it is prone to a very high rate of odour production. It does,
however, have the advantage that the dried product has some market as a
fertiliser and protein additive to animal feeds. The use of this material 
in animal feeds has recently been questioned (4) in that in a test area the 
increase in infectious diseases was attributed, by the Ministry of Agricultur 
to the use of recycled manure* Despite this seemingly fruitful outlet for 
manure slurry, farmers rely very heavily upon some form of waste treatment.
1.3 Aerobic treatment
Most of the odours arising from faecal slurries are directly associated 
with the multiplication of anaerobic bacteria during storage. Therefore, 
one method of odour control is based on aerobiasis of the -slurry in a manner 
similar to that emploj^ed in sewage treatment works. There are a large 
number of different systems though all rely on the efficient admixture of 
slurry with air to prevent the growth of the odour producing anaerobic 
bacteria. However, these techniques are expensive and have undesirable 
effects upon the soil tnicroflora. There is one other, potentially cheap, 
method of control-which involves chemical treatment.
There are three main types of chemical treatment.
(a) Those.which mask unpleasant odours.
(b) Those which destroy the malodorants themselves.
(c) Those which kill or inhibit the growth of odour producing microorganisms.
Masking agents are usually mixtures of aromatic oils whose pleasant 
smell covers up the unpleasant one. A German patent (5) describes the 
removal of the odour from chicken manure fertiliser by the addition of 
between 0.1^ and 2.0$ of a 1:1 mixture of an "aroma containing substance" 
and s-ilica gel. The "aroma substance" contained various esters (50/£), 
essential oils (17$>), glycol ether (10fo)1 terpenes and aromatic alcohols (8^), 
aldehydes (lf°), plus lactones, ketones, acetals, natural plant extracts and 
antioxidants. This mixture was said to have an odour of new mown hay. 
Unfortunately, the dosage and composition of this form of treatment needs 
very careful control to be effective. Where this has not been done the odour 
of the masking agent proves to be an even greater nuisance.
Chemical additives appear to be the more promising. As has been indicated 
the main cause of odour nuisance is the actual spreading operation and the 
prior disturbance of the slurry. Normally this process is concluded in a 
relatively short time. An effective, short term, method of odour control 
would be extremely useful. Furthermore, chemical agents are conveniently 
stored, usually cheap, and the correct dosage easily administered.
A wide range of chemical treatments have been tried.with, varying degrees 
of success. A selection of these is listed;-
(a
(b
(c
(d
(e
(f
(g 
(h 
(i 
(j
(k
(1
(m
(n
Table 3 — Odour Control Compounds
Ammonium persulphate (2)
Caustic soda (2)
Chloramine-T (6)
Chloramphenicol, Penicillin, Streptomycin (6) 
Chlorine dioxide (1)
Duodor* (7)
Hydrated lime (8)
Hydrogen peroxide (9)
Potassium formaldehyde bisulphate (2) 
Potassium hydroxymethane sulphonate (1)
Sodium chloride (6)
Sodium hypochlorite (6)
Sodium percarbonate (9)
Pot ass ium permanganat e (10)
* An ion exchange resin
claimed, render manure slurry odour free. Clark and Clark (ll) report 
magnesium carbonate (0.05 parts) and borax (100 parts) as a deodorant for 
animal litter. This composition, it is claimed, "absorbs uric acid 
preventing the acceleration of tirea hydrolysis to ammonia causing the unpleasant 
odour". This statement demonstrates how.little is known of the composition 
of the manure odour. Komakine ('12) reports that fowl house odours may be 
eliminated by treatment with coarse powders of dried PeSO^7^0, preferably 
mixed with fly-ash or zeolite.. Mitsuka and Anai (13) also report deodoris— 
ation of chicken faeces by the use of a formulation of active charcoal, a 
cationic surfactant, sludge from an open-hearth furnace and an alum earth.
Most of these compounds are poor odour control agents particularly 
caustic soda, hydrated lime and sodium chlorid.e. Some give good deodoris- 
ation for short periods thus making them useful during manure spreading.
These include potassium formaldehyde bisulphate and chloramine-T. However,
P
by far the most effective is ammonium persulphate, L hereafter referred to as 
persulphate]. Faecal slurry treated with as little as 0»t% of persulphate 
is claimed to be very effectively deodorised for periods in excess of six 
months. This is surprising since such a reactive chemical as persulphate 
cannot be expected to survive for this length of time in contact with such 
a large quantity of readily oxidised material* It is this unexpected long 
term effect that makes persulphate the subject of the present study.
The relative lack of success of farm odour control is illustrated by 
the following table
Table 4 - The relative success of odoiir abatement measures (2)
Method of control* Animal by-product industries Farming processes
S PS MS S PS NS
Treatment of gaseous 
effluent
37 57 13 - ; —
Deodorisation (Masking) 25 11 11 5 77 75
Dispersion 7 3 .. - - - ~
Improved management 70 25 2 21 108 28
Process Modification 18 9 1 37 59 16
No control used 13 1 10 - 6 110
Method not described 31 1 43 6 7 105
Total all methods 201 107 80 61 257 334
* Degree of success as assessed by the local authority 
S = successful, PS = partially successful, M3 = not successful.
The usefulness of a deodorant such as persulphate makes it important 
that its mode of action be elucidated. It is the intention of this thesi 
through a generally chemical approach to do this as much as possible.
CHAPTER 2
Introduction
2*1 Properties of ammonium persulphate 
2*1*1 Physical properties
Ammonium persulphate forms.white monoclinic crystals which contain no 
water of crystallisation.' It is very soluble in water, a saturated solution 
containing 36.79/* by weight at 0° (14)* When dry it has excellent storage 
stability though it is somewhat-hygroscopic and decomposes slowly in a humid
atmosphere (15)
(iffl4)2 s 2Og + 2H2o -* 21JH4 hso4 + h2o2
It may be obtained directly (80-855? purity) by electrolysis of sulphuric 
a cid (4N) in the presence of saturated ammonium sulphate (l6).
2.1.2 Uses
Persulphates are used extensively as peroxide catalysts in emulsion ■- 
polymerisation (17)» as bleaching agents for .spap and fat and maturing agents 
for wheat flour. Persulphates have also been used in photography to ’’reduce” 
high intensity negatives.
2.1.3 Chemical properties
2—The persulphate ion (S^Og ) is one of the strongest known oxidising 
agents in aqueous solution (18). The standard oxidation-reduction potential 
fo’r. the reaction
2 SO 2 (aq)~» S2°8  ^ ^acl)'
is 2.01 volts (19)* However, reactions involving persulphate are generally
slow at normal temperatures (20, 21). . ■
In most reactions the persulphate ion undergoes either a one electron
reduction forming a single sulphate radical-ion .or fission of the-weak peroxide
bond forming two sulphate radical-ions which are highly reactive toward a
large variety of substrates. Thus most persulphate oxidations take place by
free radical chain reactions and fractional orders are common. The reactions
2+
are susceptible to metal ion catalysis (Cu and Ag ) and are inhibited by 
oxygen.
2*1*4 Reactions with inorganic compounds
Persulphates are sufficiently strcng oxidising agents to oxidise water 
(see section 2.1.1) the reaction being accelerated by light. Chlorides, 
bromides and iodides are oxidised to chlorine, bromine and iodine respectively 
(22). Metals including zinc, cadmium,■ magnesium, cobalt, copper and 
aluminium are dissolved by persulphate solutions as their sulphate salts (23),
between AggOg and Ag^C^ (24)* Chromatcs are oxidised to dichromates (25), 
and thiosulphate to tetrathionate, the reaction being catalysed by: both 
iodide and Cu. II (26). lodates (27, 28) are transformed by persulphate 
into periodates. Mn II reacts with persulphate in a stepwise fashion (29) 
in the presence of a small amount of Ag I. M11 III first forms and is hydrolysed 
to hydrated manganese (ill) oxide followed by the formation of manganese 
dioxide (Mn IV). The Mn V ion then forms (blue) 'followe.d by Mn VI (green) 
which disproportionates in acid to MnO^"- and MnOg. The ammonium ion is 
oxidised to nitrogenous products depending on pH (30). In alkaline solution 
nitrogen gas is formed:-
2NH3 + 3S2082~ Ng + 6S042“ + 6H+
in acid solution nitrate is formed:-
NH4+ 4S2082"" +■ 3H20 ^  N03" + 8S042“ + 10H+
2.1*5 Reactions with organic compounds
Alcohols are oxidised by persulphates in a free radical mechanism with 
formation of the corresponding carbonyl compound (31)s
R R CHOIl'+ So0 2“ -> R R C = 0 + 2HS0~1 2 2 8 1 2 4
where R^ and R2 may be alkyl or hydrogen.
Thus methanol is oxidised to formaldehyde (order 3/2) at a rate twenty 
five times greater than the decomposition of aqueous persulphate at 80° (15)« 
-The oxidation of 2-propanol is first order. Acetaldehyde inhibits this 
reaction.
OIL CH(OH)CH, + S 0 2~-> CihCOCH- + 2H30 “
3 3 2 8 3 3 4
and substantially slows the oxidation of ethanol.
Acetone is oxidised by persulphate in the presence of Ag I to acetic 
acid (25)* The rate determining step is the formation of Ag III: —
S2082~ + Ag*> 2S04 + Ag3+
this is followed by the instantaneous reaction:-
CH^COCH + 4Ag3+ + 3H20 -> CH^COCf + 9H+ + COg + 4Ag+
Aliphatic acids (32) give rise to carbon dioxide plus aliphatic 
hydrocarbons. Thus acetic acid gives rise to methane, ethane and various 
unsaturated products.
Thiols are oxidised by persulphate to the corresponding disulphide (33):-
~2W8 fast '
SO/ + RSH-^feBS* + H+ + S07 
4 4
2 RS* -» RSSR
Sulphides (33) are oxidised first to the sulphoxide and then to the sulphone:-
y °
Et2S _> Et2S = ° -> Et2S ^
Reactions with aromatic compounds are complex, in many cases resulting 
in ringcLeavage and in others electrophilic substitution occurs* Bacon and 
Boggart (34) found that toluene was'oxidised by persulphate to benzaldehyde 
(50/.), dibenzyl (20y) and benzoic acid (lOy) together viith other unidentified 
hydrocarbons. Kempf (35) ovurd. that in the presence of nitric acid and 
silver nitrate benzene was oxidised to cis-butenedioic acid?formic acid and 
carbon dioxide.
Phenols (36) are oxidised to the corresponding di-hydroxy compound 
(Elbs reaction) and polyphenolic materials (37):~
The Elbs reaction
OH . OH
(TS v frS_______
N q O h  K f
OSOjONa
2#2 Mode of deodorant action
The first objective of this investigation was to decide to which 
category of chemical treatment persulphate belonged. Whether the action v;as 
purely antibacterial or chemical, reacting with odour compounds once produced. 
The final answer may be that a combination of both is at play. A chemical 
mechanism would result in rapid consumption of persulphate and quickly render 
the treatment ineffective. Perhaps one of the products of persulphate 
oxidation is responsible for the odour control. It has been shown (38) that 
addition of. sodium sulphate, albeit in high concentration, gives temporary 
slurry deodorisation. Sulphate is one of the persulphate breakdown products. 
If the action is xvorely antibacterial, then persulphate would not be expected 
to be better than other, more efficient, bacteriostatic materials. As the 
deodorised manure will ultimately be land spread a knowledge of its effect 
on the soil is required. These are some of the questions tq which, it is
hoped, the present work will provide the answer.
2.3 The chemical fingerprint technique
A bacteriological study of persulphate deodorisation of slurry has been 
made (39)* A good deal of information was obtained about bacterial distri­
bution and population changes on addition of persulphate. No conclusions 
were drawn about the manner in which the slurry was deodorised. This, it 
was felt, could be better achieved by a chemical fingerprint technique.
Most bacterial processes result in the formation of a wide variety of 
low molecular weight organic compounds and it is these that are responsible 
for the malodour. A study of the development' of these compounds with time, 
in treated and untreated slurry, would therefore give insight into the 
action of persulphate.
2*4 Odour compounds found in manure slurry
Early workers (40) confirmed the presence of some of the more abundant 
bacterial metabolites such as ammonia, carbon dioxide, hydrogen and methane. 
Witzel et.al.(4l) in-studying the chemical and biological processes in lagoons 
used for cattle slurry treatment mentioned ammonia and the first odorous 
compound, hydrogen sulphide. Similar studies of these -two gases were-made 
by Day and Hansen (42), Lebeda et. al. (43), Lebeda (44) and Hammond et.al.(45)* 
Diebel (6) stated that the compounds butanoio acid, ethanol,3-hydroxy~2- 
butanone and trace amounts of indole were present in poultiy manure, although 
no experimental evidence was produced. Merkel et.al.(46) stated that the 
following aldehydes and alcohols were to be found in chicken manure:—
-methanol, ethanol, 1-propanol, 2-p'ropanol, 1-butanol, 2-methyl—2-propanol, 
formaldehyde, acetaldehyde, propanal, 2-metliylpropanal, heptanal, pentanal, 
octanal and decanal. The identifications backed by the greatest amount of 
experimental evidence originate from Burnett (47)* This worker demonstrated 
the presence of indole, skatole (3-methylindole), acetic, propanoic,
2-methylpropanoic, butanoic, 3-methylbutanoic and peritanoic acids, hydrogen 
sulphide, methanethiol, ethanethiol, n-propanethiol and n-butanethiol, 
dimethyl sulphide, dimethyl disulphide, 2,3-butanedione and 3-bydroxy-2— 
butanone* It seems strange that in a full investigation such as this no 
non-odorous compounds were detected. The same author, with Dondero (48), 
extended.the list of metabolites-to include-various-aliphatic’amines._
2.5 Bacteria found in bovine faecal slurry
The following is a list of the bacteria found in bovine faecal slurry 
by various workers.
Bacillus subtilis
Clostridium welchii
Escherischia coli (E68-1and E68-2)
Escherischia coli (N.H.)
Flavobacterium 
Neisseria 
Paracolon 
Pasteurella 
Pseudomonas 
Salmonella dublin 
Staphylococcus albus 
Streptococcus viridans 
Streptococcus (Group C)
Berry (50) Micrococcus spp
Achromobacter spp 
Proteud spp'
Alkaligines spp 
Aerobacter spp 
Sarcini spp 
Lactobacillus spp
Smith and Crabb (51) E. Coli
Clostridium welchii 
Streptococci 
Lactobaccilli 
Bacterioides 
Staphyllococcus aureus
2.6 Toxicity of faecal metabolites
Odour production is not the only problem associated with the storage of 
faecal slurry. Several compounds present in the vapour from faecal slurry 
are physiologically active and some extremely toxic. Sandage (52) reported 
physiological changes in rats, mice and monkeys exposed to controlled toxic 
atmospheres. These included carbon tetrachloride (25ppm)f phenol (5PPm) and 
a mixture of indole (lOppm), 3-methylindole (3ppm) and hydrogen sulphide (20pprn). 
Effects were noticed after as little as thirty minutes though mortality rates 
were low. McAllister and McQuitty (53) recorded heavy casualties among 
fattening pigs on a few farms in Northern Ireland whilst slurry tanks were 
being emptied*. In Denmark pig deaths due to emptying manure pits below
(55) reported cattle casualties due to inhalation of ’’manure gas” and 
attributed them to poor ventilation or lack of judgement in moving the 
slurry.
Apart from the toxic vapours another hazard is created by manure slurry 
that of pathogenic microorganisms. Rankin (49) states that the pathogens 
E. Coli (E6SI and II) with Salmonella dublin and Salmonella typhimurium (56) 
are commonly found in manure slurry.
CHAPTER 3 
Possible sources of odour compounds 
3«1 General
Plrt (57) demonstrated that anaerobic microorganisms were responsible 
for the production of a large variety of organic compounds. He found 
that glucose metabolism by Aerobacter aerogenes under anaerobic 
conditions resulted in minimum production of carbon dioxide and cell 
substance, most of the carbohydrate being converted to alcohol, formic 
acid, 2,3-butanediol, 3-hydroxybutan-2-one and acetic acid. With excess 
oxygen a complete conversion to cell material and carbon dioxide took 
place.
In the search for sources of odour compounds the protein deamination 
mechanisms are an obvious possibility.~ Protein hydrolysis in vitro 
results in the production of amino-acids whereas the same process carried 
out by microorganisms often goes further (40)
3.2 The amino-acid deamination mechanisms
(Each mechanism is numbered for later reference)
3.2.1 Oxidative deamination (l)
This results in the formation of an ©c-oxo-acids-
CH,-CH-C00H+l/2 O^CH.-C-COOH+NH..
3 tiH 2 3 S 3
Thisris avery common reaction and is carried out by E. Coli, Proteus 
vulgaris, Bac. mycoides, Clostridium sporogenes to mention only a few.
3*2.2 Reductive deamination (2)
• This is an anaerobic process giving rise to saturated fatty acids:-
pti
R - CH ~ CDOH *R - CH0 - C00H + NH,
I 2 33 '
This is carried out mainly by the action of Clostridia or in a few 
cases by facultative organisms.
3.2.3 Desaturative deamination (3)
This gives rise to unsaturatM acids and oxo~acids depending on the 
S u b s t r a t e .
(a) R - CH0 - CH - C00H— ?R - CH = CH - CCOH + NH-
. Sh2 . J
(b) CH„0H - CH - C00H— - C - C00H + NH,
2 I 3 || 3
J!H„ 0
Mechanism (a) is exemplified by the production of urocyanic acid II 
from histidine I
C—  CH.— CH—COOH CH—  C—  CH~CH ~COOHCH—   ~~  
I I tta, — :----- I I
NH N a NH N NH-
N 'CH j  '
Reaction (b) is exemplified by the production of 2-oxo-propanoic acid 
from L - serine (58)
CHo0H - CH - COOH ~H2° CH = C - COOH ' CH, - C - COOH CH, - C COOH + NH, 
2 |  ^ } --- — *3 u ---- >3- \\ 3
NH2 NH2 NH 0 .
This mechanism is complex, involving loss of water and subsequent
rearrangement to the amino-acid which is hydrolysed to the product.
A parallel reaction is the removal of hydrogen sulphide from
cysteine.
HS - CH0 - CH - COOH ~H2S CH = C - COOH CH, - C - COOH H2° CH. - C - COOH 
2 j  :---* |  *3 j| ---- — 3 u
NH2 NH2 NH 0 + NH3
Hydrogen sulphide is the most prevalent odour compound in manure slurry. 
Reaction (b) requires that an additional substituent (COOH, OH or SH) 
be in the p> - position. For this reason desaturative deamination is not 
found in simple aliphatic amino-acids.
3.2.4 Hydrolytic decmination (4 )
This results in the formation of a hydroxy acid:-
CH, - CH - COOH + Ho0— 2>CH, - CH - COOH + NH.
3 | 2 3 j 3
KH2 OH
ALANINE 2-HYR0XYPR0PAN0IC, ACID
This simple mechanism occurs in S. faecalis and a more complex mechanism 
liberating carbon dioxide and two molecules of ammonia occurs in 
Streptococci and Lactobacilli.
3*2*5 Decarboxylation (5)
So far most of the products of amino-acid breakdown have been 
relatively involatile. These may effect the odour in a subtle v/ay 
but are unlikely to account for the very bad odour normally associated 
with putrefaction. Decarboxylation, on the other hand, may give rise 
to the production of volatile odour compounds such as the amines associ­
ated with rotting fish (trimethanamine and tetramethylenediamine) and
decomposing corpses (pentamethylenediamine), the reaction may he 
represented as:-
R - CH - COOH-* RCHa NH. + C0o 'I d d d
This process is widely carried out by members of the coliform group, 
Clostridia andLactobacilli (59) > all three of which groups are known to 
be present in faecal slurry* An example of the reaction is the production 
of 'pentamethylenediamine II from the amino-acid lysine I:- --
NH2 (CH2)^ CH - COOH — *NH2- - (CH2) - N H ^ + C02
K
i , n
Sirotnak et. a l.(6 0 ) studied the'metabolism of 22 amino-acids by 
rumen bacteria "suspensions and noted that aspartic acid, glutamic acid, 
serine, arginine, cysteine and cystine all underwent decarboxylation 
and deamination (61).
3*2.6 Anaerobic decomposition with liberation of hydrogen (6)
This results in the formation of aliphatic acids, carbon dioxide 
and ammonia:-
5H00C - (CH2)2 - CH - COOH + 6 ^ 0 — t>6CH^C00H + 2CH3(CH2)2C00H + 5C02 
NH. . .   ............... - 2 + 5nh3 + h2
GLUTAMIC ACID
The stoichiometry of this reaction was deduced by quantitative 
determination of the metabolites (62, 63). This reaction may be regarded 
as a means by which energy can be obtained from amino-acids without 
the use of a hydrogen acceptor.
3.2.7 Decomposition by mutase reaction (7)
In this reaction one amino-acid molecule is oxidised while 
another is reduced; thus alanine.is decomposed according to the equation:-
3CH3 - CH - COOH + 2H20 — &3NH3 .+ 2CH3 CH2 COOH + CH3 COOH + C02
nh2
Two molecules of alanine are reduced at the expense of the 
oxidation of one molecule to acetic acid and carbon dioxide. The 
reaction is analogous to the fermentation of 2-hydroxypropanoi.c. acidol 
by propanoic bacteria:-
CH, - CH ~ COOH'* ILO CH,CO COOH + NH, + 2H
D | C. j 3
n h2
CH, - C - COOH + Ho0— >CH,COOH + C0o +.2H 
3 || 2 3 2
0
(i)
(ii)
2 CH, - CH - COOH + 4H— »2CH,CHoC00H + 2NH, (±±±)
j 3
n h2
3*2.8 Transamination (8)
This consists of the transfer of -NH2 from either aspartic or glutamic 
acid to the a-position in an cc-oxo~acid. This is important in general amino- 
acid synthesis:-
HOOC — (CH„)0 - CH - COOH + HOOC -CH, - C - COOH — > H00C-( 0Ho) o-C-C00H
2 2 I 2 ii 2 2 «
NH2 o 0
GLUTALHC ACID . OXOBUTAUEDIOIC ACID 2-OXOPENTANBDIOIC ACID
V'h ooc-ch'-ch-cooh
I
  - -  , - " - • - NH2 - -
V  . ASPARTIC ACID.
The reaction was first demonstrated in muscle by Kritsmarm (64).
The following table (65) lists the compounds formed by the various 
deamination reactions using the common amino-acids* Compounds marked (a) 
are expected to give rise to subtle odour variations, compounds marked 
d )  a considerable contribution to odour strength. Preceeding numbers 
refer to the deamination mechanism.
Table 5* Products of amino-acid deamination
• .AMINO-ACID METABOLITES
(i) Glyoine[CH2(J3H2)C00H] (1) Oxoethanoic (glyoxylic) acid (a)
(2) Acetic acid (b)
(7) Acetic acid + ammonia (*)
(ii) Alanine CH3Cil(HII2)C00H (1) 2-0xo-propanoic (pyruvic) acid
(2) Propanoic acid (b)
• • (5) Ethanamine (b)
(7) Propanoic and acetic acids (b)
(iii) Valine (2) 3-Iiethylbutanoic acid (a)
CH^CHt CH^) CH(NH2)C00Ii 2-Ifethy 1- 1—propanol (b)
(5) 2-Methyl-1-propanamine ( a)
(iv) Leucine (1) 2-Oxo-3-methylpentanoic acid
(ch5)2chch?ch(mh2)cooh (2) 4“I*Iethylpentanoic acid (a)
(v) Isoleucine 0 ) 2-0xo-3~methylpentanoic acid
(CH )/<?CHCH(iffl2)C00H '
(2) 3-lfethylpentanoic acid
(vi) Serine CH20HCH(M2)C00H 1,2-Ethr.nediol
(T) Propanoic and acetic acids (b)
(vii) Phenylalanine , (*!) 2-0xo-3-phenylpropanoic acid
^ C H 2CIl(HH3)C00H
(2) 3-Phenylpropanoic acid 
2-Phenylethanol (a)
(5) 2—Phenylethanamine (a)
(viii) Tyrosine (1) 2—Qxo~3—( 4-hydroxyphenyl)propanoic
H0©CHoCHoCH(NH J  COOH ! acid2 2 v 2
(2) 3~( 4-hydroxyphenyl)propanoic acid
-...- -.. - - - -- - -.. (3) 3-( 4-hydroxypheny 1) prop-2-enoi c acid
(ix) Cystine
(H00C-CH(M2) CH 2~SJ-
(x) Threonine
CH3CH(0Ii) CH(WH2) COOH
(xi) Aspartic acid
■HOOCCH CH(NH2)C00H
2-( 4~bydroxyphenyl) ethanol
(5) 2-( 4-hydroxyphenyl) cthanarnine 
4-Hyaroxytoluene (a)
Phenol (a)
Cysteine
Hydrogen sulphide
(6) Acetic and formic acids (lo),
hydrogen and carbon dioxide
2~0xopropanoic acid and hydrogen 
sulphide (b)
(7) Butanoic and acetic acids (b)
and car "bon dioxide
(1) Oxo-butanedioic acid and acetic acid (’0)
(2) Butanedioic (succinic) acid.
(3) Trans-butenedioic (fumaric) acid
(4) Hydroxybutanedioic (malic) an id
(5) p-Alanine
(6) Hydrogen and carbon dioxide
(7) Ox o-but anediqic acid and alanine
AI-JJ.UU-.AUil)
(xii) Glutamic acid
’ H00C-(CH2)2CH(i'i:i )COOH
) X tULXJl-l J. i. ijyj
(xiii) Ornithine
m 2(c h2)3c h(m i 2)c oo h
(xiv) Lysine
M 2(CH2)4CH(ilH2) COOH
(xv) Histidine
vCH
/  %NH N
l I
CH — —  C-CH„-C
(xvi) Tryptophan
NH )C00H
^ — n c h2-c h(h h 2) cooh
ft/H
(xvii) Proline
1) 2-Qxopentanedioic acid
1) Acetic acid (b) and carbon dioxide
2) Pentanedioic acid
5) acid
6) Butanoic acid (b)f acetic acid and
carbon dioxide and hydrogen
8) 2~0xo~pentanedioic and anpartic acid 
2) 5-Aminopentanoic acid 
4-Aminobutanol ( b)
5) Tetramethylenediamine (putrescine) (b) 
2) 6-Minohexanoic acid 
5) Pentamethylenediamine(cadaverine) (b)
1) R-CH2C0 cooh
2) R-(CH2)2C00H
3) R-CH=GIIC00H
r - ch2ch2o h
5) Histamine (r (CH2)2M 2)
6) Hydrogen and carbon dioxide
1) 2-0xo-3-indolylpropanoic acid
2) 3-Indolylethanol
3-Indolylpropanoic acid
(5) 3-Indolyl e t hanami ne
2-In do1yle thano i c acid 
Indole (a)
4-Hydroxyquinoline-2-carboxylic acid
2-Aminobenzoic acid . • '
(2) 5—Aminopentanoic acid (a).
c h — -c h 2
\
.NH
CH— -CH - COOH
3.3 The production of indole and 3-methylindole (66)
4
This might be considered as a form of deamination but is more 
complex. Oxidative‘deamination of tryptophan is thought to give rise to
3-indoleacetic acid which is decarboxylated to yield 3-methylindole.
The production of indole, however, is thought to occur in one stage by the 
action of the enzyme tryptophanase. This enzyme,' with pyridoxal phosphate 
as co-enzyme, converts tryptophan, into equal amounts of indole, 2-oxopro- 
panoic acid and ammonia. Both indole and 3-methylindole are produced 
from tryptophan by the microorganisms E* Coli and Proteus vulgaris:-
3*4 Compounds resulting from carbohydrate degradation
Of the various carbohydrate breakdown mechanisms the formic acid- 
fermentation (67) is most often performed by bacteria commonly found 
in slurry. The microorganisms carrying out this fermentation fall into 
three groups.
3*4*1 The mixed acid fermentation
• This is brought about by E. Coli. For every four 2-oxopropanoic acid- 
molecules formed, two are reduced to 2-hydroxypropanoate by 2-hydroxy- 
propanoate dehydrogenase, and the others are metabolised to give acetate and 
formate in a complex reaction.
3*4*2 The butanediol fermentation
' The second of the formic acid fermentations is carried out by 
Aerobfioter, Serratia and Bacillus spp. As in the mixed acid fermentation 
some 2-oxopropanoic acid I is metabolised but the bulk is condensed to 
give 3-hydroxy-2-butanone II which is reduced to 2,3-butanediol III or 
oxidised to 2,3-butanedione IV.
LCHGOOHH _
NH NH NH
3-methylindole is widely recognised to be responsible for the 
characteristic faecal odour, the odour of indole is similar. These are 
particularly noticeable -when fermented slurry is leached with hot water
Fig 1 The butanediol fermentation
2 C H -C -C O O H  X3 ,1
o
C H - C  
5 |
o
OH
i
C — CH
iooH
OH
n a d iO nad, NA cT'n AD!-^
CH — CH — CH— CH GH C— C— CH,
OH OH
3*4.3 The hutanoic fermentation
The third group, characterised "by the Clostridia, carry out 
butanoic type fermentation:-
c o , +  h 2
ACETYL Co A
O-jOH E.MP
Pathway CH c o  COOH
O l ^ L A l  3
OH
2- PROFANOL<-ACETONE < C H , CO CH CoSGoA AEETIC ACID 
CLOS 
ACETOBUTyL icUM
2-BUTENYLCbA <- 2 -H f DROXYBUTANYL Co A
v
BUTANYL CoA *  n-BUTYRIC ACID *  n-BUTANOL
The products acetone,1-hutanol and 2-propanol are only formed under 
acid conditions (pH<6) (68, 69).
Thus common bacterial reactions give rise to volatile organic 
compounds namely:- 3-hydroxybutan-2-one, 2,3-butanediol, 2,3-butanedione, 
1-butanol, acetone and 2-propanol*
3*4*4 Cellulose fermentation
Cellulose is generally converted by aerobic bacteria into carbon 
dioxide and cell material. However, anaerobic bacteria are not capable of 
metabolising even simple substrates to completion and release a number of 
simple organic compounds. These include carbon dioxide, hydrogen, ethanol, 
acetic, formic, butanedioic, butanoic and 2-hydroxypropanoic acids. They 
are produced by species of Clostridium and Bacteriodes, both of which 
occur in faecal slurry.
3»4«5 Glucose metabolism
Propanal and ethanol are the last stages in the alcoholic fermentation 
of glucose. In the following diagram only the last steps are shown for 
clarity
Anaerobic conditions are necessary for production of ethanol.
The organism Bacillus macerans produces acetone, ethanol and ethanal 
from 2-oxopropanoate:-
The coliform group of microorganisms ferment glucose and other carbo­
hydrates to produce formic, acetic,2-hydroxypropanoic and butanedioic 
acids, ethanol, 3-hydroxy-2-butanone, 2,3-butenediol, carbon’dioxide and 
hydrogen. In E. Coli these compounds account for almost all of the 
metabolised carbohydrate.
2-HYDROXYPROPANCIC ACID
GLUCOSE— 2-OX OPR OP AN 01C ACID CARBON DIOXIDE
■ETHANAL ETHANOL
h 2o
+ CKCOOH+H.
ACETONE 4 CO.ETHANOL + Ha
Fig. 3 The mechanism of fermentation of glucose by Aerobacter aerogenes (70)
CH,CHOHCOOH <— • ° ° ’ >. HOOC 0 0 CH.COOH3 3 ir 2,\
CH^OOOtPD^) + HCOOH CHpOHfOOCHjlOXH f  00a HOOC CHOHCHfQOH
CH.CHOH CH,CDOH CH,CROHCOCH,-i-CO, HOOC- O h= CH-COOH
3 * , 3 3* 2. /ts
3.5 Lipid metabolism
Lipids (glycerol esters of fatty acids) and waxes (monoalcohol 
esters of fatty acids) are among the most highly reduced substrates 
available to microorganisms and are potential energy sources. Hydrolysis 
of glycerol (or monohydric alcohol) and free fatty acids is the first 
step in the catabolism of lipids catalysed by lipases. Glycerol is 
further utilised by incorporation in the Embden-Iieyerhof-Parnas (EI.T)
The fatty acids are metabolised by a series of yfi-oxidations with 
removal of two carbon atoms to form a new carboxylic acid:-
2H
C 0+ H CH.CHOH CHQH CH K X XC hLC H  COOH•Jt 3
pathway.
CoASH 2H(FAD)
ATP
^•BCHjCHJCOJSCcA — ‘ »RCHaCH=CH(00}S CoA
RCHaCOOH
+ 2H(NAD)
*
R CH(00)CH (CO)S CbA -W  R CH CH(OH)CH (CO)S Co ACH(CO!SCoA <-
O .
Species of Aspergillus ’and Penicillium carryout an incomplete oxidation 
of fatty acids to methyl ketones.
3.6 Hydrocarbon oxidations
Transformations involving these compounds are of great importance 
as waxes and plant tissue constituents contain aliphatic hydrocarbons.
It has. been estimated that approximately 0*02% of higher plants may be 
considered to be hydrocarbon or hydrocarbon-like in structure (71)•
Another source is the soil microflora which can synthesise a variety 
of highly complex hydrocarbon structures. Hydrocarbons are also used as 
carriers for insecticide sprays.
Compounds resulting from bacterial metabolism of hydrocarbons might, 
therefore, be expected in faecal slurry. Saturated aliphatic hydrocarbons 
undergo three major reactions in cultures of microorganisms: oxidation 
of the terminal carbon atom, oxidation at and dehydrogenation:-
(0 C H jlC H ^ C H , - - - - - - - - - - - - - - - - - - - - -- ---- — »  C H jtC H jln C H jD H
(ii) CH3 [CKA C H p-lj----------------------------> CHjtCHjJn CHtOHJCH^
(iii) CHj [CHJ^CHpyCH*]* CH? -------------->CH5[CHJ^CH=CH [CHJ^CH^
Reaction (i) is predominant and occurs at the least sterically hindered 
terminal methyl group in branched chain compounds (72, 73)*
The usual product of the microbiological oxidation of saturated 
aliphatic hydrocarbon chains is the carboxylie acid (74? 75) rather 
than the hydroxy-compound. However, the latter with the corresponding 
carbonyl compounds are formed. Heptanol and heptanal are both found to be 
derived from n-heptane (76).
Hydroxylation of the atom appears to be of relatively minor 
importance, however, the products, a 2-alkanol (72, 73) and a methyl 
ketone (77?78,79) are well documented. The ketone is derived from the 
alcohol by a reaction catalysed by a group of enzymes classified as 
oxidoreductases. Both C-^  and mechanisms take place in the micro­
organism Mycobacterium smegmatis.
3.7 The interconversion of low molecular weight metabolites
Microorganisms also produce volatile metabolites from other low 
molecular weight materials. Aldehydes (a) and ketones (b) are readily 
produced by oxidation of the corresponding alcohol.
Similarly, aldehydes may he oxidised to carboxylic acids (a) or reduced to 
primary alcohols (b):-
(a) ECHO
(b) RCHO-
->RCOOH
-»r c h2qh (30,81)
Amines, important putrefaction products, are metabolised by 
microorganisms to give various compound classes important in odour pro­
duction. Replacement of the amino group by a carbonyl group is the most 
common of these reactions:—
RCHORCH0NH0 —
d d *
The aldehyde may then be reduced to the alcohol, thus tryptamine .is 
converted to 3-indoleacetic acid and trypthophol via the aldehyde (82). 
Ketones are commonly reduced to the corresponding alcohol.
3*8 The oxides of nitrogen
In aerobic systems oxygen is the proton acceptor required for 
metabolic reactions. In anaerobic systems nitrate is capable of fulfilling 
this role which gives rise to a range of nitrogen compounds. The 
system of nitrate reduction (70) is conventionally represented as follows :<
Fig 4
% ; n— o h
oy
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HYDROXYLAMINE
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Nitrate, nitrite, nitrous oxide, nitrogen and ammonia all occur in gases 
evolved by anaerobic bacteria. *
3*9 Sulphate metabolism . ,
The reduction of sulphate (70) is very important as a source of the 
potent odour compound hydrogen sulphide. It also provides microorganisms 
with a route to the sulphur containing, amino-acids methionine, cys.tine 
and cysteine. It is generally represented as follows:—
3*10 Organic sulphur compounds
So far in this consideration of possible metabolites one very 
important group of compounds has been omitted. These are the organic com'
compounds known* . n,
3.10*1 Occurrence
Burnett (47) reported that methane, ethane, n-propane and n-butane— 
thiols, dimethyl sulphide and dimethyl disulphide were present" in chicken 
manure volatiles. Simple thiols such as methanethiol, n-propanethiol (83) 
and dithio-2-methylpropanoic acid (84) have been isolated from plant 
sources. Methanethiol, dimethylsulphide and dimethyl disulphide are 
metabolic products of the fungus Schigophyllum commune (85).n-Butanethiol 
and 3-methylbutanethiol are found in the anal secretion of the skunk.
Sulphur compounds are important food flavour components. Dimethyl- 
sulphide and methanethiol are found in Cheddar cheese (86) and have also 
been cletected in beef (87). normal alkanethiols have been reported
in canned beef headspace (88) and a variety of sulphur compounds occur in 
coffee aroma (8 9), milk (90) and cabbage (91)*
3.10.2 Derivation
These compounds probably originate from the sulphur containing aminO' 
acids, cystine I, cysteine II and methionine III.
This has been demonstrated (92) by growing bacterial cultures with 
these amino-acids as the only source of sulphur. The products were 
analysed by gas chromatography.
C
Sulphuric acid Sulphurous acid
pounds of sulphur^ among which are some of the most highly odorous
S - CH2 - CH - COOH HS - CH^ - CH - COOH CH^ - S - CH2 
S - CH «• CH COOH NH2
V  ■
i n  . h i
These amino-acids are known to bevoontained in plants consumed: "by
dairy cows. Legume's‘contain S~methylcysteine (93)? alfalfa contains
methionine (94) and grass and corn-silage contain dimethylsulphide (95)*
Under anaerobic conditions hydrogen sulphide is produce!.from I and
%
II by first reducing the former to the latter
COOH COOH - COOH
I I I
CH - NH0 CH - UR +H _ v  2 CH - NH0
| C | C C ^ | 2
CHg - S - S - CH CH2 - SH
I II
Cysteine is then decomposed to hydrogen sulphide, ammonia, acetic acid and 
formic acid:-
COOH - CH - CH2 - SH + 2H20 — » H 2S + NH^ + CH3 COOH + H COOH
n h2
Various bacteria, moulds and fungi are able to convert methionine 
to methanethiol, dimethyl disulphide and in some cases dimethyl sulphide. 
Among these are the Pseudomonads and the moulds Aspergillus niger and 
Scopulariopsis brevicaulis.
3.10.3 Amino-acid methylation and scission
Neuberg and Schwenk (96) showed that on addition to a sugar solution 
undergoing yeast fermentation, diethyldisulphide was reduced to ethanethiol. 
Challenger (97). reported that addition, of C^  -C,- dialkylsulphides to bread 
cultures of S. brevicaulis resulted in liberation of the corresponding 
alkanethiol andmethylalkyl sulphide. Fission accompanied by methylation 
of the disulphide link, therefore, seems to be a general reaction brought 
about by S. brevicaulis. Challenger and Charlton (98) obtained 
methanethiol and dimethyl sulphide from bread cultures of methionine.
Under the same conditions S-methyl, S-ethyl and n-propyl-L-cysteines gave 
the corresponding alkanethiol and methylalkyl sulphides. Fission may be 
(a) reductive (b) hydrolytic or (c) involve elimination:-
- CH0 - CH - C00I
2 1
NH2
(a) RSH + CH.. - <JH - COOH 
3 NH2
R - S - CH0 - CH - COOH 
2 I
->(b) RSH + CH OHCH - COOH 
nh2
^(c) RSH + CH =-p - COOH 
2 NH
Alternatively deamination may give rise to the <x-oxo-acid:-
CH~ - S - CHp - CH - O H -  COOH c h3 - s CHp - CH - C - COOH 
<- \\
0NH,2
this is then me taholised to methanethiol. (99)» In cultures of 
S. brevicaulis Challenger and Liu (100) found that this amino-acid gave 
rise to methanethiol.
3.10*4 Precursors of volatile sulphur compounds
Evidence that the precursor of these sulphur compounds is an 
S- methylated amino-acid is supported by Challenger and Simpson (101). 
{These workers found that the precursor to dimethyl sulphide in the red 
marine algae Polysiphonia fastigiata was the thetin:-
Similarly Brown and Letts (102) showed the precursor to dimethyl sulphide 
in the algae Cheropodium vulvaria to "be the thetin derivative :-
McRorie et.al.(103) reported the existence, in cabbage juice, of a 
methylmethionine sulphonium salt considered to be the precursor to both 
methionine and dimethyl /S -propiothetin. Zikakis and Salsbury (92) 
showed these mechanisms to be possible in the ruminant stomach and may, 
therefore, occur after excretion. Using rumen microorganisms, methanethiol 
was formed by fermentation of S-methyl-L-cysteine and methionine and 
ethanethiol from S-ethyl-L-cysteine and ethionine. Dimethylthetin chloride 
gave rise to dimethyl sulphide. Segal and Starkey (104) reported the 
decomposition of methionine by Pseudomonas, Achromoba.cter and Flavobacterium. 
Methanethiol and dimethyl sulphide accounted for nearly 100% of the 
sulphur from the decomposed methionine. An important factor in the 
provision of the extra methyl group is the compound betaine or one of its
HT? +
‘S - CH2 - CH2 - coo
Dimethyl fi-propiothetin
CH
3 \ +
S - CH2 - CH2 - COOH
3 Cl
BETA! HE
Methionine is itself an important source of methyl groups in the synthesis
of many methylated compounds (105)* '
Dateo et.al.(106) found that the precursor to dimethyl sulphide in
boiled white cabbage was L-S-methylcysteine sulphoxide. Further evidence
for this type of precursor was given by Challenger (97) who noted that when
the urine of a dog was boiled with sodium hydroxide methyl, n-propyl and
other sulphides were formed. Decomposition of compounds of the type
(CH - & - C.H R)X were believed responsible. Oginsky et.al.(l07) reported 
*
cleavage of S-ethyl-L-cysteine to ethanethiol by E. Coli and Streptococcus 
faecalis.
3*10.5 The interconversion of volatile sulphur compounds
In addition to production of volatile sulphur compounds from high moleular 
weight material interconversion between metabolites is possible. Under aerobic 
conditions the first product of bacterial degradation of thiols is the 
corresponding disulphide:-
aerobic
2RSH  t:t 1 » R-S-S-R 'conditions
Methanethiol gives, rise to dimethyldisulphide (104,108,109) for which Snow 
Xl10) proposed the following mechanism:-
C0H_SH + r'r£ - CH  -- * C0H_ - S - CH, + RSr' + H+
2 5 3 2 5 3 .
A similar reaction was proposed by Schlenk and Palma (111) to explain how a 
mixture of homocysteine and methionine S-methiodide could repla.ce methionine 
as a source of methylthioadenosine in yeast:-
CH
- CH - CH - CH - COOH + H3 - CH_ - CH - CH0 - COOH /  2 2 1 2 2 2
CH3 m 2 ,
 i> 2 CH3 - S - CH2 - jJH - COOH
^ 2
The reaction under anaerobic conditions is less clear, hydrogen sulphide being 
among the products. ‘
Sulphides are degraded by reductive cleavage (a) 
forming a thiol (108,109,112,113) or oxidative S-dealkylation (b)
Reaction (b) is important for methyl sulphides:-
R - S - CH2 - R1---->RSH + R1CH3 (a)
R - S - CH2 - R1---- »RSH + R1CHO (b)
Methionine may be converted to cysteine and thence to methanethiol by 
cleavage of the C-S bond (104)* r
These are a few examples of compounds which might be expected in 
faecal slurry. It must be realised that the possibilities for formation 
of organic compounds are very large. The metabolic products of an organism 
depend greatly on the substrate it feeds on. As faecal slurry contains a 
large variety of such substrates and an equally varied bacterial population 
the possible metabolites are numerous. Of these the main contribution to the 
malodour comes principally from sulphur compounds (thiols, sulphides and 
disulphides) though various unsaturated compounds, carbonyl compounds, acids 
and amines all make an important contribution. This investigation will be 
concerned only with the more volatile of the organic metabolites.
CHAPTER 4 
Methods of concentration
4* 1 The threshold of odour perception
With such a large number of possible bacterial metabolites a means 
must be found of distinguishing the more imt)ortant odour producers 
The following table lists some common organic pollutants (114), their.- 
threshold, limit values (t.l.v.) and maximum-allowable, concentrations 
(m.a.c.). The t.l.v. is the concentration at which the odour of the 
compound just becomes apparent, expressed in ppm by volume in air at 
760 mm of Hg. The t.l.v. of some of the listed compounds (marked with an 
asterisk) is above their m.a.c. and their effects can be very insidious.
Table 6 Olfactory thresholds and maximum allowable concentrations of
some air pollutants
Pollutant t.l.v. (p.p.m. ) m.a.c. (p.p.m. )
acetone 320
propenal 15
di (2-propenyl) disulphide
(b pt 138° ) 1 x 1 0
2-propenethiol (b pt 90°) 5 x 10
Ammonia ( b pt -33*4°) '3*7 x 10
1-pentariol 10
Benzene 60
2-methyl-l-propanol 40
1-butanol 11
i-butyl acetate 4
butyl acetate 7
butyl formate 17
butanoic acid (b pt 162°) 2.J8 x 10
*
camphor 16
carbon disulphide 7*7
carbon tetrachloride 200
chlorine (b pt -35°) 1 x 10
2,3-butanedione (b pt 88°) 2*5 x 10
1,2-dichloroethane 110
3-pentanone 9
Dimethylamine 6
dimethyl sulphide (b pt 37*3°) 2 xlO
dioxan 170
1000
0.1
-4
-5
-2
-4
„ 9
-2
50 ' 
100 
25 
120- • 
100 
200 
150
20
10
1
50
10
100
ethanol ' 50 1000
ethyl acetate 50 400
1,2-ethanediol 25 200
ethane thiol (b pt 35°) 1.6 x 10~^ 10
ethyl selenide (bpt 108°) 6.2 x 10*”^
—6ethyl selenothiol 1,8 x 10”
diethyl ailphide (b pt 92°) 2.5 x 10”^
heptane 220 500
~>2
.hydrogen selenide 3 5 x 10
hydrogen sulphide (b pt -60°) 1.1 x 10”  ^* 10
tri iodo-methane (sublimes 210°) 3 4  i 10
Q
Ionone (b pt 148°at 18 mmHg) 5*9 x 10
methanol 5900 200
methyl acetate 200 200
dichloromethane 150 500
2-butanone 25 200
methyl formate 2000 100
methanediol 60 25
4-methyl-2-pentanone 8 100
methanethiol (b pt 6°) 1.1 x 10 ^ 10
2-pentanone 8 200
—7
Musk (synthetic) 4*2 x 10
Octane 150 500
ozone 1 x 10  ^ 1 x 10 ^
petrol (heavy) 30 500
petrol (light) 800 500
phenol 3 5
2-propanol 40 400
1-propanol 30 400
1-propyl acetate 20 200
2-propyl acetate 30 200
propanethiol (b pt 68°) 7*5 x 10 ^
pyridine (b pt 115°) 1.2 x 10 ^ r
3-methylindole (b pt 266°) 7*5 x 10 ^
*
'sulphur dioxide 30 5
tetrachloroethene 50 100
tetrahydrofuran . 30 200
Pollutant t.l.v. (p.p.m.) m.a.c. ^p.p.mj
toluene 40 200 ,
1,1,1-trichloroethane 400 200
•K •
trichloroethene 250 . 100
trimethanamine 4 25
pentanoic acid (b pt 186°) 6.2 x 10 ^
vanillin (b pt 285°) 3.2 x 10 ^
dimethylbenzene 20 100
It is easily appreciated that compounds such as 2,3-butanedione, 
dimethyl sulphide, diethyl sulphide, methanethiol, 3-methylindole and some 
fatty acids would obviously make a significant contribution to the odour . 
of faecal slurry.
4.2 The limits of detection • .
Materials having low t.l.v. values pose detection problems. Compounds
which have a sufficient concentration to give an appreciable odour may
not be sufficiently concentrated for detection using even the most
sensitive techniques. This is illustrated in the following example.
-2
Dimethyl sulphide has a t.l.v. of 2 x 10 p.p.m. Injection of 0.1 )jl 
(lOOjjg) of this compound into a gas chromatograph fitted with a flame- 
ionisation detector (f.i.d.) gives, in practise, a full scale response at
an attenuation of 2000. A small peak (1/10 f.s.d.) at the lowest
, . -2 
usable attenuation (x2) corresponds to a detection limit of.10 ng.
3If the largest sample is 5^.1 (5 x 10 jjg) the detection limit is 2 p. p.m. 
two orders of magnitude above the t.l.v. of dimethyl sulphide. Under 
experimental conditions this value may be two orders of magnitude 
higher. 3~Methylindole has an odour threshold five or six orders of 
magnitude lower than dimethyl sulphide. Even the electron-capture detector 
detector; being about one thousand times more sensitive to certain 
compounds than the f.i.d., is insufficiently sensitive. Therefore, 
in studies of this kind, it is essential to utilise a method of sample 
concentration.
4.3 Methods of sample  ^concentration
There are many examples in the literature of techniques that have 
been employed to this end. The main application has been to the study 
of food flavours. Some of the more important developments in this 
field will, therefore, be examined.
4-3*1 Conventional distillation
The method of first choice has been, traditionally, that of
distillation. A distillate is obtained having a higher concentration of the 
compounds of interest. However, care must be taken to avoid artefact 
formation. Often odour compounds are extremely labile and the action of 
heat may bring about modifications to some of these compounds. Neverthe­
less, distillation has been used with .a good deal of success.
Roger and Turkot (115) describe a "rapid atmospheric evaporator" for 
stripping volatile aromas and a continuous distillation column which 
rectifies them, achieving 100-200 fold concentration increases. Schultz 
et.al. (ll6) used a technique of rapid stripping to remove volatiles from 
large volumes of Valencia oranges, followed by solvent extraction and careful 
multistage distillation. *
4.3.2 Steam distillation
As early as 1949 Calbert and Price (117) used steam distillation to 
remove the aroma compounds from cheese and this technique has been used 
in a recent extension of this work by Keen and Walker (118). Steam 
distillation was also used by Matthews et.al.(ll9) for the separation 
and identification of Cg aldehydes. By using techniques such as these, 
ten tons of fruit have been concentrated to fractions of a millilitre for 
gas chromatographic analysis. In an effort to prevent the loss of volatile 
compounds Jenkins et,al,(120) used a cooled receiver (0°) to concentrate 
sulphur compounds emitted by algae.
4.3.3 Reduced pressure distillation
Distillation at reduced pressure and ibs variant, short path or 
molecular distillation, have been used by a number of 'workers to . 
reduce artefact formation by heat and hydrolytic activity. A method 
evolved by Bomben et,al.(121) allowed removal of the volatile compounds 
at 38°. Winter (122) used a continuous vacuum steam distillation at 30° 
to concentrate strawberry volatiles. The extract retained, very closely, 
the flavour of the original material.
4.3.4 Liquid Extraction
This technique, either liquid-solid or liquid-liquid is a very 
useful method of concentration. Walker et.al. (123) used hexane extraction 
in a study of the carbonyls formed during cheese ripening. Schultz et.al, 
(116) used solvent extraction followed by fractional distillation to remove 
organic compounds from a primary distillation of oranges. Solvent 
extraction followed by derivative preparation was used in a study of 
human urine (124). Zlatkis and Liebich (125) used diethyl ether extraction 
followed by vacuum distillation to low temperature traps for the same 
purpose.
These techniques involve large amounts of starting material and. 
are not die to deal with very volatile organic compounds, some of which may 
he gases at room temperature. Most produce a liquid extract with a 
volume of only a few tenths cf a millilitre. There is, therefore, a 
considerable potential loss of sensitivity since it is not possible to 
inject the whole sample at once. Liquid samples of this nature do, however, 
enable routine manipulations (enhancement, abstraction, etc.) to be easily 
performed.
In addition the.composition of the vapour over an extract, and hence 
the odour, may be very different from that of the material from which it 
was extracted. It is of prime importance that the extract resembles, as 
closely as possible, the natural distribution of compounds that 
constitute the odour of the original material.
4.3*5 Headspace analysis
This is the analysis of a solution of volatile materials by sampling
the vapour above it in a sealed vessel. The simplest method involves
direct injection of a portion of the headspace into-a gas chromatograph
though this is subject to severe limitations. The concentration of any
compound removed in this manner is very low and many important odour
contributors may be missed. Also, because of the extremely high instrument
sensitivity required the interference from artefacts in the transfer
apparatus becomes more important. The method does, however, show compounds
in their true distribution and the advent of more sensitive detectors will
increase its importance. Bailey et.al.(126) used the technique to advantage 
in a study of cocoa bean volatiles. Teranishi et.al,(127) used the direct 
injection method in a study of flavours from potato granules and frosen stravvberxie 
by capillary column gas chromatography, a technique much more suited
to headspace sampling. To overcome the lack of sensitivity inherent in
this method several workers have used a preconcentration step. Hughes (128)
trapped cooked herring volatiles in a U-tube cooled in liquid oxygen and
subsequently transferred them, by warming, to a syringe for injection.
Dravnieks (129) used a similar technique, trapping in this case was
carried out by a fluidised bed of P.T.F.E. powder coated with a stationary
phase (Apiezon L).
4.3*6 On-column trapping
By far. the greatest advance has been the development of the so-called 
on-column trapping techniques. The sample is actually trapped on the 
analytical gas chromatographic (g.c.) column, or a part of it. Hornstein 
and Crowe (130) were among the first workers to develop a technique for 
carrying out this operation.
The g.c. column was divided, into two parts joined by Swagelok unions, 
the front portion being one third of the total length. The sample was 
swept by pure nitrogen which was then dried and passed directly through the 
front section, or precolumn, immersed in liquid nitrogen. After the 
requisite flow time the precolumn was connected to the main column and 
placed in the instrument, the flow, gas being turned off. After a - 
warming up period the chromatogram was developed by starting the carrier 
flow. A much more detailed chromatogram was obtained v/ith very much increase 
sample sizes. A different packing may be used in the precolumn so that 
preliminary separation may be obtained at this stage (c.f. two-dimensional 
thin-layer chromatography). McKay (131) utilised U-tubes filled with 
column packing, this plus volatiles, was transferred to the top of the 
analytical column and the chromatogram developed. Carson and IVong (132) 
used active carbon as a trapping medium in their studies on the volatile 
flavour components of onions. Morgan and Day (133) and Lindsay and 
Arnold (134) have adapted, the technique of Hornstein and Crowe in their 
studies on the volatiles from dairy products. Burnett (47) also used it 
to study the volatile pollutants from chicken manure. Teranishi et.al. (135) 
used the precolumn technique to study compounds in human breath and urine.
The volatiles were tranF’.ferred- from precolumn to analytical column by rapid 
heating. A similar method was used by Zlatkis et.al, (136) so that a large 
number of samples might be token in a short time. The volatiles were 
trapped in short sections of gloss tubing packed vrith Tenax GC (137), 
a column packing. The samples were then stored at -10° until required.
Attempts have also been made to combine a system of low temperature 
distillation (138) with on-column trapping. Compounds are transferred from 
a -trap at room temperature to others at various subambient temperatures 
under high vacuum. In this way a degree of fractionation is achieved 
before the chromatographic stage. A clever adaptation of the on-column 
trapping technique has resulted in easy handling of systems oontaning 
large quantities of water, or other solvents. Jennings et.al, (139) passed 
beer volatiles, entrained wi!;h nitrogen, . through short columns of Porspnk 
These were then purged with nitrogen at low temperature for a predetermined 
period to remove most of the water and ethanol. The column was then 
reversed and the trapped volatiles purged into a small glass trap for 
storage and subsequent analysis. ;
4.3«7 Other nothods
An interesting technique was used by Merritt et.al.(8 9) who obtained 
a ’centre cut' from a low temperature distillation of coffee volatiles and 
detected 30 compounds by direct fractionation into a mass spectrometer.
The sample flask was initially held at -145° and raised in units of 5° 
to room temperature. A mass spectmm was run at each interval. Zlatkis 
et.al. (137) used solvent extraction and derivative formation to extract 
metabolic products from human urine. Kramlich and Pearson (87) investi­
gated beef flavour by boiling under reflux whilst vo.latiles .were removed, 
through the condenser, by a stream of nitrogen and collected in cold traps. 
Bender and Ballance (140) used this technique in studying the aroma compounds 
from beef extract and employed a U-tube, cooled in solid carbon dioxide, 
to remove water from'the'gas stream. Forss et. al.(141) dispensed.with the 
nitrogen flow and operated at reduced pressure.
In v/ork of this type there is one very important drawback, illustrated 
by Weurman (142). This worker investigated methods of removing volatile 
compounds from foods and showed that the compounds detected and .identified 
v/ere directly dependant upon the method of their removal. It is, therefore, 
important that this is borne in mind when making statements as to the 
presence or absence of various compounds in certain materials.
4*3*8 Choice of technique for use with faecal slurry
Steam distillation and conventional atmospheric distillation are’ :
liable to artefact formation and do not normally Work well with very 
volatile compounds. It was felt that whilst less volatile compounds 
such as aliphatic acids and fatty esters would be responsible for subtle 
odour variations the main contribution to the odour strength \ould’ be 
made by high volatility material such as hydrogen sulphide, ammonia, !
I
various amines, aliphatic thiols, sulphides and disulphides. Due to the I
extremely lov/ odour thresholds of these compounds a very sensitive j
technique is required if the instrumental method is to compare with the I
olfactory senses. Consequently, the various forms of direct syringe I
injection were ruled out. The method chosen was that used by Burnett (4?) j
and devised by Hornstein and Crowe (130) as being a very rapid, adaptable j
and sensitive method. Sample heating v/as not employed in order that the j
trapped sample resembled, as. closely as possible, the composition of the j
odour gases.
CHAPTER 5 
Identification
Use of the precolumn technique with two different column packings 
•allowed tentative identification of several compounds.' However, gas 
chromatography,■whilst an excellent■separation technique, gives very poor 
identification. Fortunately, there are a wide variey of back-up techniques 
which can be employed.
5*1 Nasal appraisal
When a non-destructive gas .chromographic detector (e.g. electron 
capture or thermal conductivity) is used it is possible to assign an odour 
classification to emerging peaks provided that care is taken to avoid 
olfactory fatigue. If a destructive detector (e.g. flame ionisation) is 
used, it is necessary to remove a portion of the gas stream by means of.a 
splitter or carry out a duplicate run with the detector disconnected. The 
latter method was used successfully by Jenkins et. al. (l20) to identify 
several malodorous sulphur compounds associated with cultures■of blue-green 
algae. However, it is much more useful if the chromatogram and olfactory 
evaluation can be recorded simultaneously. Burnett (4?) used organoleptic 
tests as an identification aid in a study of chicken manure malodours. 
Guadagni et.al. ("143) used the same method to ascribe degrees of delicious 
.apple odour to g.c. eluates from that source. Subjects trained in the art 
of organoleptic.testing were used by Flath et.al.(l44)» Nursten and Woolfe 
(145) and Von Sydow et.al.(146) used olfactory testing in the ana.lysis of 
cooked Bramley seedling apples and bilberries respectively. Fuller et.al,
(147) improved the method by employing an expert perfumer capable of 
identifying, by name, a very wide range of naturally occurring molecules.
Organoleptic evaluation of g.c. eluates does suffer from some extreme 
limitations. Firstly, concentrations change rapidly during peak elution 
and it is well known that olfactory sensation varies with concentration (148) 
Even with the highest resolution columns there is no guarantee that each 
peak represents only one compound, a problem highlighted later. There may 
also be some subtle changes taking place during the chromatography that will 
not affect the g.c. identification but will affect the organoleptic 
assessment. It is, therefore, desirable that the whole chromatogram from 
an injection of flavour concentrate be collected to see if its odour has 
been altered by removal of some of its constituents. If this is so then 
the technique is useless. However, the present 'work is not concerned with 
subtle odour differences but with the chief odour producing compounds. The 
requirements are, therefore, not so stringent.
The simplest way in which this can be accomplished is to remove, from 
the sample for injection, various compound, groups with an appropriate 
reagent. In this way peaks can be removed from the chromatogram, showing 
their functionality. Alternatively a short precolumn containing the 
appropriate reagent can be placed at the front of the analytical column. - 
The selective removal is, therefore, carried out in the column and does 
not require modification of the bulk sample. This method was used by Adlard 
and VJhitham (149) who removed n-hydrocarbons from petroleum mixtures by 
means of a precolumn of Molecular Sieve. This principle was first 
demonstrated by Barrer (150) and is vary useful where only a small amount 
of sample is available. Jenkins et.al.(120) used a CaCl^-NH^OH reagent in 
the analysis of the sulphur compounds associated with blue-green algae, A 
broad removal of compounds may also be achieved by shake-out with either 
5% HC1, 5;' NaOH or 5/; Na2C03 (151) • This removes basic, acidic and phenolic 
entities respectively and is useful when a less complicated chromatogram 
is desirable. A wide range of selective abstractors have been published in 
the literature and these are listed in the following table.
Table 7 Some abstraction reagents suitable for use in 
cfualitlative gas chromatography .
Abstractor ' Materials Removed Reference
5A Molecular Sieve n-alkanes and other straight 152
chain molecules
Mercuric acetate-HgOTO^)^ Alkenes 153
-ethylene glycol
Maleic anhydride-silica Dienes 154
gel
1:1 mixture of Hg (C10^)  ^ Alkenes and alkynes 155
(lM) and HC10 (24)
20% Hg50^-20^i2S0^ Alkenes and alkynes 156
4% AglTO^-96^ H^SO^ Aromatics, alkenes and alkynes 156
H^SO^ (cone) Aromatics, alkenes and alkynes 152
Molecular' sieve 10X Aromatics 157
Boric acid Alcohols 15$,159
NaOH - Quartz Phenols 160
F.F.A.P. Aldehydes 161,159
NallSO^  - ethylene glycol Aldehydes 153
Benzidine Aldehydes and ketones 159
o~ Dianisidine Aldehydes 159
Phosphoric acid epoxides 159
Zinc oxide acids 159
Molecular Sieve 5A aldehydes from ketones and 
acids from esters
162
Versamid 900 alkylhalides, phenyl halides and . 
fatty acid -bromo esters 
(labile halogens)
163
Na Br -alumina Organic compounds with functional 
groups
164
AgNO^ - alumina as above plus alkenes, alkynes 
and aromatics
164
A variation of this technique was developed by Kerritt and Walsh (165)
and is a post-column technique. The g.c. effluent was passed, by means 
of a multiple splitter, into several small tubes of reagent. Colour 
changes in these indicated the functionality of the eluting compound. 
Some of the reagents used are listed below:-■
Table 8 Post-column identification reagents
Compound type Reagent Positive test
Alcohols Nitrochromic acid and
eerie nitrate
Blue colour
Aldehydes 2,4 ~ DNPH or Schiffs Yellow ppt
reagent Pink colour
Ketones 2,4-BKPII Yellow ppt
Esters Ferric hydroxamate Red colour
Thiols Sodium nitroprusside Red colour
Isatin Green colour
; Pb(OAc)2 Yellow ppt
Sulphides and disulphides Sodium nitroprusside Red colour
Aromatics HCHO - H SO, •
2 4
Red wine colour
Alkylhalides Alcoholic AgNO^ White ppt
The drawback of this method is its lack of sensitivity compared to the 
shake out and precolumn techniques. The limit‘of'•"detection"being some 
20-100jug depending on the test used. The shake-out techniques themselves 
can be misleading due to. loss of selectivity at high dilutions. However, 
where no other additional techniques are available they can provide excellent 
confirmation of identifications based solely on retention data.
5*3 Instrumental methods
With the advent of sophisticated analytical instuments such as infra­
red (i.r.), ultra-violet (u.v.) and n.in.r, spectroscopy etc., there has
been a great deal of interest in. their .application to g.c. identification. 
Both i.r. and n.m.r. are very powerful tools when used for structure 
assignment. However, neither is sensitive enough to deal with the size of 
.sample that can be detected by gas chromatography and'until the development 
of microcells could not be conveniently used for this purpose.
5*3.1 Infra-red analysis
This is usually performed by trapping eluting g.c. fractions and manually 
transferring them to the spectrophotometer. A review of trapping techniques 
is given by Juvet and Dal Hogare (166). I.R. analysis' is very valuable 
due to the extremely large collections of standard spectra that are available 
for comparison purposes. Also, compared with n.m.r. and mass spectrometry 
(m.s.), the instrumentation is relatively inexpensive.
With the advent of i.r. microcells (167) the usefulness of the technique, 
in combination with g.c., was increased. By decreasing the volume of the 
cell filling tubes (168) usable spectra could be obtained from as little as 
0.1-0.5P of g.c. purified material. Alternatively, the eluate could be 
directly condensed onto potassium bromide powder and pressed to give a 
micro-disc. Copier (169) trapped eluting peaks in glass tubes packed with 
solid support. These were then transferred to an i.r. cell by co-condens­
ation with carbon tetrachloride.
Better results have been obtained by direct combination of the two 
instruments, measurements being made in the gas phase using long path 
length cells (170,171)» which requires a fast scanning instrument. Scott 
et.al.(172) introduced the interrupted elution technique, the carrier flow 
being halted to allow each peak to be analysed. This, however, increases 
artefact formation as the ’peaks’ spend considerably longer in the column 
at operating temperatures,
A relatively expensive instrument is available that is capable of 
scanning the i.r. spectrum in 5 seconds (173)» sufficient for true g.c./i.r. 
operation. By f ar the best results are obtained by the use of a computer 
coupled interferometer (174) which is capable of working'with microgram 
samples. * '
5*3.2 Nuclear magnetic resonance
. N.II.R. is capable of giving a great deal of stuctural information. 
Unfortunately it is the least sensitive of the spectral methods and care 
is needed to reduce sample requirements. Normal n.m.r. cells require at 
least 200pl to produce a reasonable spectrum. Therefore, the first advance 
in the use of n.m.r. as an auxilary detector for g.c. was the development 
of the microcell (175) having a volume of 30^1. Computer averaging (176) 
made it possible to work with less concentrated solutions. The Fourier
xransiorm xecnmgue VIM/ reduces xne sample requirement even lurxner* 
Matthews et.al. (119) used a method of trapping and transfer of sample to 
the n.m.r. cell in the study of the separation and identification of 
Cg aldehydes using large column g.c. Brame (178) developed a method of 
directly trapping a g.c. eluate in.an n.m.r. microcell. Better results 
combined with ease of operation were made possible by -the modification to 
rnicrocell design by Flath et.al. (179)* No method has been reported of 
directly coupling g.c. with n.m.r.
5*3.3 Thin layer chromatography
Moderate use has been made of this technique (181,182,183,180). It 
is very useful in the analysis of high boiling material, particularly 
polar substances, and is a useful method for the further purification of 
g.c. eluates. The limitation to its usefulness is the need for a relatively 
large sample.
.5 .4 The use of specific detector systems for gas chromatography
These are detectors specific for a compound containing an atom or group 
of atoms of a particular element. Elemental detectors have been used for 
halides, phosphorus, sulphur and nitrogen. If parallel chromatograms are 
run with the same sample, those compounds fdr which a marked selectivity is 
exhibited can be studied. This gives a good deal of insight into the 
nature of the eluting compound and provides excellent confirmation of 
identification based on retention data.
5.4.1 The microcoulometric titration detector
Compounds eluting from the column are mixed with oxygen or hydrogen 
and pyrolysed. The pyrolysis products are responsible for a change of 
ion balance in the titration cell. The energy required to restore balance 
by introduction of titrant is registered on a chart recorder. The system 
is capable of both qualitative and quantative analysis of nitrogen, 
sulphur, halogen and phosphorus containing compounds (184, 185).
5»4*2 The flame photometric detector
This detector is sensitive to compounds of phosphorus, sulphur and 
chlorine as well as metals present in coordination complexes. The carrier 
gas and any eluting sample is burnt in a hydrogen rich flame in a hollow 
cup shielding it from a photomultiplier. VJhen a heteroatom is eluted, 
optical emission occurs above the shield causing a photomultiplier response. 
By use of appropriate filters (186) narrow bands of radiation are selected 
for passage to the photomultiplier making'the detector highly specific.
The greater sensitivity of this detector and its specificity allow the use 
of headspace sampling (187)•
This is a, detector system showing high sensitivity to organic compounds 
possessing high electron affinity. These include alkyl halides, conjugated 
carbonyls, nitrites, nitrates, organornetallic compounds and many'sulphur 
containing compounds such as di and trisulphides.
Operation depends upon continuous.. ionisation of the carrier gas (l-T.) 
by a radioactive isotope, usually Ni. A standing current is generated 
by a voltage applied between two electrodes. The presence in the gas 
stream of an electrophilic substance causes a reduction in the standing 
current and this, when amplified, generates the g.c. signal.
Pig. 5 shows a, chromatogram obtained using e.c.d. and f.i.d. defectors 
in parallel.'for an examination of the headspace of garlic cloves (188).
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Table 9 shows the identifications based upon this and other data, providing
FU M E IONIZATION
an excellent pxample of the usefulness of this technique for further 
identification.
Table 9 Sulphur compounds of garlic cloves 
Peak Ho. Compound
1 oxygen from air .
2 methanethiol
3 dimethyl sulphide
4 . unknown
5 methyl-2-propenyl sulphide (tentative)
6 unknown
7 . dimethyl disulphide
8 unlaiown *
9 di(2~propenyl) sulphide
10 unknown
11 unknown
12 methyl—2-propenyl disulphide
13 unknown
14 dimethyl trisulphide
15 unknown
16 di(-2-propenyl) disulphide
17 methyl n-propyl trisulphide
18 rnethyl-2~pronenyl trisulphide
5.4.4 Other detector systems
The nitrogen detector is essentially a flame ionisation detector with 
its jet assembly modified by a rubidium chloride crystal (189) thus.enhancing 
its response to nitrogen containing compounds.
The microwave -emission detector depends upon the passage of the eluate 
through a microwave plasma. The emission spectrum of the eluting compound 
may, therefore, be examined or by the interpositioning of an appropriate 
filter the apparatus is made specific for any of ; a. number of elements.
These include halogenated compounds and compounds containing sulphur and 
phosphorus.
Unfortunately it was not possible to apply any of the above techniques 
to the present work because they do not perform well when used with the 
precolumn method of sample preparation, host require a considerable period 
to settle down with a flow of carrier gas through them. The pre column 
technique requires that a portion of-column be removed temporarily and 
this is, therefore, not possible. Another difficulty arises from the need 
to make several injections for comparison.
This is not easily, accomplished when a precolumn technique is used.
5*5 Mass spectrometry
»
So far little mention has been made of.the mass spectrometer. This 
is an instrument of comparable sensitivity to the gas chromatograph. It 
is said that "Mass spectrometry provides the highest structural information 
content per microgram of sample per second of effort expended by the chemist" -
(148). If, therefore, the separating-power of-the gas chromatograph can be 
combined with the identification power of the mass spectrometer complex 
mixtures might be very easilyanalysed. This is most readily accomplished 
by g.c. trapping (190-205) without specialised equipment. The sample Is 
conveniently introduced into the m.s. by means of a^ direct insertion probe which, 
can be cooled below room temperature. Systems employing a stationary phase 
material as trapping medium are more suitable as they give a controlled , 
evolution of sample in the ion-source. ' They do, however, give rise to 
background problems. The technique has, nonetheless, been used to good 
advantage (206,132, 207).
Frequently the g.c. effluent contains only a few micro grains of material 
and transfer is extremely difficult. Often collection is made with very 
low efficiency due to aerosol effects. Also, when a, complex chromatogram 
is to be examined a great deal of manual dexterity is required. For this 
reason direct introduction of g.c. effluents is desirable. '
6.1 Combined gas chro matograohy-mass spectrometry
It must .-be mentioned, at thin stage, that during the course of the 
present work4a newly established g.c.-m.s. instrument was acquired.
Therefore, whilst the work in this thesis is described in its most natural 
order it is not necessarily chronological. A good deal of work was 
carried out, in changing substrate parameters in almost total ignorance 
of the identity of affected compounds. This does not detract from the value 
of the results but was a situation enforced by the prospective availability 
of such a valuable research tool,
A detailed description of the construction of the instrument at this 
stage is superfluous but a little description of its most imoortant 
component, the interface, is worthy of attention. The g.c. and rn.s. are 
compatible machines, both requiring volatile compounds, both having 
approximately the same limits of detection and response capability. The 
major difference is that the rn.s. operates at very low pressure whilst
•jf'
the g.c. operates at atmospheric pressure and above. Also when using 
packed chromatographic columns, and this account deals exclusively with these 
a problem is created by the carrier gas. The continuous introduction of 
more than 50 ml/min of this .to .the. rn.s., would render high vacuum impossible, 
and give a high background current due to its ionisation. Removal of all 
or part of the carrier gas can be accomplished in a variety of ways and 
the method used is a very important consideration. The more common methods, 
of sample enrichment will be briefly described.
The Separator
6.2 The leak
This is the simplest method of introducing g.c. effluents, although 
not strictly a separation system. The carrier gas stream is split at the 
column exit and a small portion allowed to enter the m.s. through a variable 
leak. Thus the m.s. is capable of maintaining high vacuum even with the 
continuous introduction of carrier gas and sample. This method was used 
in the early stages of g.c.-m.s. development and still finds application 
(208,138,209,210,211,212).
* This does not apply to capillary columns whose exit can, in fact, be 
operated at low pressures.
complete removal of carrier gas from the sample, allowing the potential of 
packed columns to handle large samples, to be fully utilised.
6.3 The porous glass separator
Developed by Matson and Biemann (213) it comprises an ultrafine glass 
frit enclosed in a vacuum envelope (Fig 6). Small carrier gas. molecules 
diffuse through the frit more rapidly than the organic molecules, enriching 
the latter. The advantages of this separator are its'cheapness and inert 
character. It is not, however, very versatile and is subject to breakage.
6.4 Metal and ceramic porous-separators.
These are made of silver, stainless steel or ceramic and can be silanised 
to reduce adsorption. Several variants of this separator have been proposed 
(214-218). The design is similar to that of the glass frit separator and 
suffers from the same problems, namely that once a set of parameters have 
been chosen they cannot be changed without changing the frit itself.
6.5 The jet separator
This relies for its operation on the differing rates of diffusion of 
different gases in an expanding supersonic jet stream. The protoype of 
this separator was designed by Ryhage (219-221). Fig 7 illustrates the 
principles of its operation. At each stage the lighter carrier gas 
diffuses to the outside of the gas stream and is rejected by the following 
nozzle. The enriched gas stream passes on, ;-;here in the case of a two-stage 
separator the process is repeated. This results, generally, ■ in about 4Ofo 
throughput of organic material to the m.s. The advantages of this separator 
are its ruggedness and simplicity. The jets are, however, inclined to 
become blocked. A glass variant has been developed for use with catalyt— 
ically decomposed compounds (222).
6.6 The polytetrafluoethylene tube separator - '
This is otherwise known as the Lipsky separator (223) and consists of 
a tube of P.T.F.E. through which the gas stream from the g.c. column flows. 
Outside the tube a vacuum is maintained and at temperatures above 250° 
helium flows through the tube walls resulting in an enriched gas stream 
(Fig 8). This separator suffers from several disadvantages. It requires 
maintainance of a high flow rate to the m.s. and the thin teflon membrane 
is liable to rupture at temperatures in excess of 350°* Peak distortion 
and time delays have also been reported (216,224).
Fig. 6. The porous glass separator
Carrier gas
M.S.
n /
Vacuum
Fig .7. The je t  separator
^ ^VacuunKs- 
^  Carrier #
n .
^ss!OBse>sset3Bssssa
W W a,,w/rn/A
Fig. 8 , The polytetrafluoethylene separator
racuum
N  P.T.F.E. Tube
0,7 The silicone-rubber membrane separator
The principle of operation of this separator is that -when a flow of 
carrier gas containing an organic material, takes place over a membrane of 
silicone rubber separating it from a vacuum the organic compound preferen­
tially dissolves in the rubber and passes through. This separator is shown 
in diagrammatic form in Pig. 9* The principle of operation was first 
suggested by Llewellyn and Littlejohn (225) after whom the separator is 
commonly named. The major disadvantage is its severe’temperature depend— 
ance. High solubility of organic eluate requires the membrane temperature 
to be as low as possible, whereas for high diffusivity the temperature 
should be as high as possible. This means that there is an optimum 
temperature for each compound depending upon its boiling point, molecular 
weight and functionality. In consequence, too high a temperature gives 
good peak shape but poor throughput, whereas too low a temperature results 
in peal'- broadening but increased throughput due to greater solubility.
Grayson and Wolf (224) suggested that the membrane temperature be kept 
about 50° below the boiling point of the compound under examination. The 
problem was solved by Black et.al. (226) ’who used a temperature programmed
membrane separator to obtain optimum throughput of a series of C^-C.- alkanes.
° r 6 14
Apart from these drawbacks the membrane separator is capable, if 
properly handled, of very high yields with a large range of effluent flow 
rates. The outlet is at atmospheric pressure and, therefore, does not 
pose any problems when used with normally operated packed columns and can 
easily be connected to any conventional gas chromatographic detector for 
auxiliary analysis. •
Its simplicity and ease of operation in conjunction with conventional 
packed column chromatography led to the selection of this type, of separator 
for the system that will be described in this work. A more detailed 
description of the membrane separator and its operation will be given later.
6.8 Test procedures
Having established the g.c.-m.s. instrument it, was necessary to find 
the best possible operating conditions and to evaluate its applicability 
to the bovine faecal problem. This was carried out and after the solution 
of a number of problems excellent results were obtained. Also the on- 
column trapping technique was a perfectly suitable method of providing 
samples for g.c.-m.s., the instrument having facilities for venting the 
large amounts of carbon .dioxide, hydrogen sulphide, etc, that might have 
caused interference. Using this machine a. great deal of information was 
obtained regarding the nature of the volatile odour compounds derived from 
bovine slurry. The chemical fingerprint technique was, therefore,'of more 
general applicability than was anticipated.
F i 9 . 9 .  The silicons rubber membrane separator
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CHAPTER 7
The occurrence of indole and 3-methylindole and the effect of persulphate
treatment '
In the search for compounds of use in a fingerprint technique the 
most obvious candidates are the nitrogen heterocycles indole and 3-meth.yl- 
indole (see section 3*3).
Indole 3 - Methyl indole
7 e1 Occurrence
Indole has long heen known as a product.of proteolysis, as first 
demonstrated by Kuhne (227). 3-Methylindole has also been-known for a 
long time as the odour principle of faeces. The precursor to the form­
ation of both is believed to be the amino-acid tryptophan (228, 2 29, 230). 
The transformation is brought about by the microorganisms E. Coli and 
Proteus vulgaris (66), both found in faecal slurry.
Both indole and 3-methylindole are characteristic products of the 
breakdown of proteinaceous material by bacteria. A study of the levels 
of these in treated and untreated slurry is a good indicator of the 
effects of persulphate on bacterial metabolism.
7*2 Separation and identification
Diebel (6) stated that trace amounts of indole were present in 
chicken manure and Burnett (47) demonstrated the presence of both indole 
and 3-methylindole in this medium using gas-liquid chromatography.
Burnett’s method was used to confirm the presence of these compounds 
in faecal slurry and study the effect of persulphate treatment on their 
production. The compounds were removed by steam distillation, followed 
by repeated chloroform extraction. The extract, concentrated to small 
volume, was analysed by gas-liquid chromatography using f.i.d. detection. 
When represented graphically the changes in the concentration of these 
compounds with time gave an indication of the effect of persulphate on 
the bacterial population.
7*3 Sample preparation
Slurry samples used throughout v/ere obtained from Merrist Wood 
Agricultural College, V/orplesdon, Surrey. They were taken only from 
the covered enclosure of a dairy shed having a concrete floor. Care was 
taken that only freshly excreted material was selected and that material
in direct contact with the floor was discarded.
Samples of treated and untreated slurry were prepared after careful 
homogenisation and dilution to 10?b total solids (see chapter 19) with 
deionised distilled water. Ammonium persulphate (Fisons analytical reagent) 
dissolved in a small quantity of distilled water was added to half of the 
samples and an equivalent quantity of distilled water was added to the 
others. Efficient mixing was ensured by vigorous stirring. The samples 
were stored in an incubator at 25° (60^ relative humidity) until required 
for analysis. In all cases caps were left loose to allow the escape of 
fermentation gases. _
7*4 Steam distillation
As required, the slurry (750 g) was steam distilled. This was 
carried out in two parallel identical sets of apparatus supplied by 
the same steam source; thus both treated and untreated samples were 
distilled at the same time under identical conditions. Distillation was 
continued until 1000 ml of distillate were collected in each case. This 
was extracted with A.R. chloroform (3 x 100 ml) whose purity had been 
checked by gas-liquid chromatography. The combined extracts were then 
concentrated to 10 ml by slow distillation and an internal standard 
(n-hexadecane) added. The samples were then examined by gas-liquid 
chromatography. The efficiency was determined by chloroform extraction 
of the distillation residues vh ich were treated in an analogous manner 
to the above. This showed that little of interest remained after steam 
distillation.
7•5 Confirmation of indole and 3-methylindole in slurry samples
The retention data obtained from faecal slurry extracts was compared 
with those obtained from authentic samples. Table 10 lists retention 
times relative to n-hexadecane for peaks corresponding to indole and
3-methylindole in extracts of treated (samples 2 and 4 ) and untreated 
slurry (samples 1 and 3).
Table 10 RRT, of indole and 3-methylindole derived from
hexadecane 17
faecal slurry
Sample
No
1
2
3
4
Age 
(days)
1
1
7
7
R/T (mins) 
Hexadecane
8.12
8.10
7.80
7.70
RRT
Indole
0 .2 9
0.28
0.27
0.28
Hexadecane
3-Methylindole
0.38
0.38
Average 0.28* 0.38
Injection of a solution containing authentic indole (l/b), 3-methyl­
indole (1$) and n-hexadecane (1^) in chloroform gave the following results
Table 11 Retention data for authentic compounds
Injection
1
2
3
R/T (mins) 
Hexadecane
8.30
8.26
8.30
RRT
Indole
0.27 
0.2 6 
0.27
Average 0.27
Hexadecane 
■ 3-Methylindole
0.39 
. 0.38
0.33
0.38
Typical chromatograms illustrating authentic and faecal slurry samples 
are shown in Fig. 10.
The authentic compounds used (Koch Light Ltd.) were checked for purity 
by melting point determination using a hot-stage microscope.
Table 12 Melting points of authentic compounds
Indole
3-Methylindole
M.pt (found)
5i.5°-52.50 
95.5°-96.5°
M.pt (ref value)
52°
95°
Ref.
231
231
7*6 Enhancement
This identification of indole and 3-methylindole was consolidated by 
enhancement. This is a technique where a small amount of authentic 
material is added to the mixture undergoing analysis. An increase in 
peak height indicates the presence of the authentic compound in the 
mixture. (See Fig. 11). A chloroform extract was analysed by g.c. (a)
Recorder 
response
Fig.lO. Chromatogram of indo!e,3-md.hylindols
and n-hcxadeccsne.
Authentic mixtureSlurry distillate
indole
TT
in faecal slurry distillate
indole
4-3 mins 4-9 mins 4*4 mins 4-9 wins
O 5 iO O 5 iO
Mins
before and (b) after addition of a small quantity of indole and 3-methyl­
indole (10$ v/v of indole (0*1$) and 3-methylindole (0.1$) in chloroform).
7*  ^ g.c. operating conditions
Instrument
Column
Oven temperature
Injection temperature
Sample size
Carrier flow 
(nitrogen)
Hydrogen flow rate
Air flow rate
Chart speed
- Perkin Elmer model P 11 fitted with dual flame
ionisation detectors
- 2 m x 3 mm stainless steel packed with 7*5$’ SID 30
on Ghromosorb ?/, AW-DMCS (60-80 mesh)
-140° (isothermally operated)
- 275°
- 0. 2yu I
- 15 ml/min
- 35 ml/min
- 300 ml/min
- 5 mm/min
Measured at room temperature
7.8 Response factors (fx)
The response factors for indole and 3-methylindole relative to 
n-hexadecane were determined using standard calibration solutions. These 
were found to be 0.76 and 0.73 respectively. The concentration of 
indole/3-methylindole in unknown solutions can be obtained from the 
equation
Mass of indole/3~methylindole Mass of hexadecane x indole/3-Methylindole
_________  response _____ _ ____ _
Hexadecane response x fx
7*9 Analysis of faecal samples
The samples, whose preparation has already been described, were 
analysed after the following time intervals:- 1 day, 7 days, 17 days,
24 days and 37 days and the results are summarised in the following tables
Table 13 Analysis for indole
Sample
hexadecane fhex. ^ind. RRT Indole
(mg) (xlO~4) (xlO 2) hex. (mg) ppm*
SI (u)
day
21.3 1.75 5.10 0 .2 9 . 0 .8 2 10.30
SI (T) 1 21.9 1.36 4.20 0.27 0 .8 9 11.26
S2 (U) 16.6 3.40 17.r 16 0.27 1 .11 13.94
S2 (T) 7
days
20.7 3.32 8.24 0 .2 8 0.76 9.58
S3 (U)
days
21.5 3.50 9 .00 0 .2 8 1*46 18.37
S3 (T)17 22 .6 3.76 18.00 0 .2 9 1.53 19.33
S4 (U)
days
17.1 2.49 6 .88 0 .2 8 0 .6 2 7.85
S4 (T)24 17.4 2 .46 5.25 ' 0.29 0.49 6 .1 8
S5 (U) 20.7 1.44 2.85 0.31 0.54 6 .8 1
S5 (T)37
days I9 .8 1.63 4.40 0.31 0.27 3.48
Table 14 Analysis for 3-methylindole
f f 3-methyl
Sample hexadecane
(mg)
hex.. 
(xlO )
3-Me~ind.
(xl0“2)
RRT,hex. Indole
(mg)
ppm
SI (U) 21.3 1*75 — •; — — — ■ ■
SI (T) 1
day 21 .9 1.36 - - - -
S2 (U) 16. 6 3.40 76.00 0.37 6.45 81.39
S2 (T) 7 days 20.7 3.32 8 .60 0 .40 0.74 9.34
S3 (U)
days
21 .5 3.50 101.50 0.38 8 .60 108.50
S3 (T)17 22.6 3.76 16.80 0 .4 0 1.39 17.57
S4 (U)
days
17.1 2.49 64.80 0.39 6.14 77.49
S4 (T)24 I7 .4 2.46 7.00 0 .4 1 0.68 8.62
S5 (u) 20.7 1.44 17.00 0 .4 2 3.38 42.62
S5 (T)37
days 19.8 1.63 5.55 0 .4 1 0.36 4.59
U = Untreated T = Treated
* Based on vacuum dried weight of slurry (ppm = 12. 62 xnig). Total solids 
content of slurry = 15.84$ (see page213).
These results are summarised graphically in Fig. 12.
h<? Variation of Indole and'Skatoie Concentratio 
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7 d  0 Summary
This method was capable of detecting very low concentrations of 
indole and 3-inethylindole in faecal slurry# Steani distillation was 
shown to be a very valuable method of removing steam volatile components 
from complex mixtures# fig. 12 illustrated that indole levels are not ' 
greatly affected by persulphate whereas 3~methylindole levels are much 
reduced. It was also shown that 3-methylindole is formed continuously 
in untreated slurry after excretion whereas indole is not.
No attempt was made to identify further compounds present in the 
steam distillate as the number of possibilities 'was too large for. identif­
ication based solely on retention data.
CHAPTER 8
The 'estimation of ammonium persulphate 
Opinions differ regarding the stability of aqueous persulphate
3 p_
solutions. Prigerio (232) stated "solutions of are not stable
and decompose to S O ^  and 0^ with a half-life of the order of one day*"
House (18) stated that the first order rate constant for the uncatalysed
oxidation of water by persulphate was 0*33 x 1 0 min~^ at 40° (233)«
Applying the equation ti = Ln2 where ti is the reaction half-life and
— , 2 
1
K. the first order rate constant, the value of ti = 350 hours is obtained.
1 o 2Obviously at 25 the solution will be more stable.* This agrees with the
findings of Mamiya et.al.(234) who state that aqueous solutions of
ammonium persulphate are stable for moderately long periods at room
temperature, but decompose at higher temperature*
8.1 Iodometric determination
Persulphate can be estimated by measuring the amount of iodine liber­
ated on addition of excess potassium iodide (232)* The reaction is rapid 
at high iodide concentrations (6m ). In aqueous solutions, the iodine can 
be measured spectrophotometrically or by titration against thiosulphate.
The presence of filtered slurry, obtained by mem s of glass fibre 
filter papers (Whatman GF/C), interfered with the spectrophotometric 
determination;A max was found to vary vd th concentration and Beer's law 
was not applicable over an adequate range of concentration.
Due to the colour of faecal slurry, colour indications were not 
suitable, and an electrochemical method of indicating the end point was 
developed*
8.2 The biamperometric titration
The method chosen was the "dead stop end point", technique (235)- 
This utilises the principle that whilst a reversible redox couple is 
present a current will flov/ between platinum electrodes placed in a 
solution. One such couple is the iodide-iodine system and when both 
are present (before the end point) a current flows in response to an 
applied potential, due to iodine reduction at the cathode and iodide 
oxidation at the anode. After the end point this couple is removed and 
replaced by the thiosulphate-tetrathionate system which is non-reversible*
The end point is clearly shown, by the abrupt change of slope in the
plot of current against titre which is usually parallel to the x-axis
after the end point. Fig. 13 shows the titration 'of decinormal 
2- with decinormal KI solution of iodine at an applied potential of 
50 mV (235).
Fig.!3. Biamperometric titration of iodine with 
thiosulphate.
03-j ;
o-i-
This method was successfully applied to the analysis for persulphate 
in quite viscous slurry and provided useful information regarding the fat 
of the deodorant.
8.2.1 Apparatus
The output of a stabilised power supply, capable of generating 
0-30 V DC was connected to a potential divide so that voltages (V) of 
100 mV and less could be obtained. This voltage was applied in parallel 
to the titration cell in series with which was placed a resistance (R) 
(see Fig. 14)» The value of R must be high enough to prevent alteration 
of the potential divide when cell resistance is low. The voltage drop 
across R thus provides a measure of the cell current (i) detected by 
a Vibron electrometer, a very high impedance voltage-measuring device.
The output from the electrometer was registered on a 10 mV recorder 
using the impedance adjustment shown in Fig. 15*
o  r \ j  o-
stabilise d 
p o w e r  
supply
potc nt la
vibron
electromcterv-^" nofl
cell
read•calibrate
Fig. 14, Biamperometric titration apparatus.
i-5kn
electrometer 10-0. recorder
Fig. 15. Impedance adjustment
The titration cell consisted of two platinum (Pt) plates placed one 
centimetre apart in a small beaker (50 ml) which was magnetically 
stirred. It was later discovered that the use of these electrodes 
prevented an adequate number of points in the end-point region and made 
the cell current dependent upon-stirring rate. Non-linearity also 
resulted from gas deposition on the electrodes. To eliminate these 
effects Hampel (236) suggested the use of small electrodes. The 
larger electrodes were, therefore, replaced by two pieces of platinum 
wire (1 cm) placed 0.3 cm apart, supported by glass tubing.
8.2.2 Variation in applied E-.IF (V)
A constant value of V is essential if a linear plot is to be obtained 
The greatest variation noted was Q*Jp hour which was unimportant as 
the average titration lasted 15 minutes. •
8*2*3 Microsyringe titration
Although variations in buffer concentration of 5Q/o were not found 
to affect the titration (232) dilution of the sample was undesirable.
For this reason a concentrated solution of sodium thiosulphate was added 
by means of an Agla micro syringe (Borroughs Wellcome & Co Ltd) (237) •
This was calibrated before use by filling with distilled water ana 
discharging in portions of 0.02 ml into a weighing bottle, each aliquot 
was then accurately weighed. A graph of indicated delivery (Vi) against 
actual delivery (Va) was plotted and a conversion factor Va/Vi calculated 
from the slope. The results of the calibration are represented in Fig. 16 
From the slope of this line Va/Vi was calculated to have the value. 0*9770*.
8.2,4 Method
The solution to be examined (20 ml) was placed in a small beaker'and' 
di-potassium hydrogen orthophosphate (K^HPO^) and potassium dihydrogen 
orthophosphate (KH^PO^) were added to make the solution 0.05 molar in 
each (0.2175 g and 0.1700 g respectively). Excess potassium iodide (6M) 
was then added (10 ml) and the liberated iodine back-tit rated with 0 .05M 
sodium thiosulphate. A typical titration is illustrated in Fig. 17*
8*2*5 The use of saturated potassium iodide solution
' The results of these titrations are not affected by slight changes 
in the concentration of the 6m XI solution, changes of 10/o in the 
concentration of this reagent being tolerated (232). For this reason 
saturated KI solutions were used for convenience.
Fig. 16. Micnosyringe calibration
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Table 15 Molarity of saturated potassium iodide solutions
Molarity •
5.9 '
6.1 
6.2
8*2.6 Calculation of purity of ammonium persulphate
The above procedure was utilised in order to calculate the purity
of a sample of ammonium persulphate (Fig. 18). This was found to be
62.63$ compared with a value of 69.01$ obtained by conventional titration. 
The purity of a freshly acquired sample was tested for future use.
Analysis, in triplicate, was carried out following the procedure 
previously described. The results are summarised in the following table.
Table 16 Ammonium persulphate purity
Wt of 
sample taken
1 0.01901 g
2 0.02474 8
3 0.02098 g
A plot of mV against T is shown in Fig. 19*
8*3*2 Stability of aqueous solutions of ammonium persulphate
There is much uncertainty associated with the stability of aqueous 
persulphate solutions and the following runs were carried out in order 
to investigate this further.
Ammonium persulphate (5*00 g) was placed in a volumetric flask (500 ml) 
and made up to the mark with distilled water. The flask was wrapped with 
aluminium foil to exclude light and stored.at 25°* At intervals samples 
of this solution (2.0 ml) were withdrawn by means of a pipette (grade A). 
This volume was increased to 25 ml by addition of distilled water and 
titration carried out in the usual manner. The results are summarised 
in the following table and graphically represented in Fig. 20.
End point Wt c/ . .
(T div) persulphate (g) ^ p u n  y
79*83 1*780 x 10~2 93*63
106.40 2 .372 x 10“ 2 9 5 .88
88 .56 1.974 x 10~2 95*92
Average of 2 and 3 95*90
Temp (°C)
15
20
25
Fig. 17. Typical titration - Electrometer output
mV
OOlrol
Time
Fig. 18. Titration of ammonium persulphate (0-0!07g)
mV
0-660-60 0 6 40-58 0-62
Titre(ml)
Fig 19 Titration of fresh sample of ammonium persulphate
2mV“
End point = 1-770
174 178 1-80
Titre(ml)
Fig 20 The decomposition of ammonium persulphate in faecal slurry
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Table 17 Stability of aqueous ammonium persulphate
Sample Time (hrs) End point (T div) fo persulphate
la 26.0 88.60 9.375 x IO"1
lb 26.0 88.57 9.873 x IO-1
2a 50.5 88.26 9.838 x 10""1
2b 50.5 88.25 9.837 x 10”1
3a . 75*5 88.43 9.857 x IO-1
3b 75.5 88.35 9.848 x 10"1
4.* 97*0 88.26' 9 .838 x IO""1
. 5a 172.25 88.22 9.334 x IO-1
5b 172.25 83.23 9.335 x 10”1
6a 244.75 87.70 9.776 x IO"*1
6b 244.75 87.65 9.770 x 10-1
8.3*3 Persulphate decomposition in old faecal slurry
If consumption of persulphate occurs primarily by reaction with low 
molecular.weight metabolic products then reaction with fermented slurry 
should be more rapid than with fresh material.
Fermented slurry (200 g), stored at 25° for 20 days, was treated 
with persulphate (2.0 g) in distilled water (25 ml) which provided an 
initial concentration of 8 .524 x 10"*^ $. The mixture was thoroughly 
stirred, the bottle headspace having been flushed with nitrogen to prevent 
aeration, and a sample (10 g) removed, mixed with an equal volume of 
distilled water and centrifuged (3000 rpm for 10 min). The supernatant 
liquid was vacuum filtered using coarse glass-fibre filter papers. The 
residue from the centrifugation was stirred with an equal volume of 
distilled water and recentrifuged. The supernatant liquid was also 
filtered. This was repeated once more and 25 ml of the combined filtrate 
was placed in a 50 ml beaker and titrated. The total filtrate was 
weighed so that the result might be corrected. The time at which the 
KI solution was added was taken as the analysis time. A further 
determination was made after approximately 4‘ir hours. The results of this 
experiment are summarised in the following table and graphically represented 
in Fig. 20.
Table 18 Persulphate decomposition - old slurry
Sample Time (mins)
Fraction
analysed
Endpoint 
(T div).
Wt persulphate 
(g x 103)
$ x 10
1 0 - . - 85*24 8*524
2 30 25/3425' 86.10
26 .11 2 .611
3 270 /39 38.15 13*27 1. 327
8.3*4 Persulphate decomposition in fresh faecal slurry
The procedure described above was reproduced exactly using freshly 
collected faecal slurry. The results are summarised in the following 
table and graphically represented in Pig. 20.
Table 19 Persulphate-decomposition - fresh slurry
Sample
Time
(mins)
Wt faecal 
slurry (g)
fraction
analysed
End point 
(T div)
Wt Persulphate 
(g x 103) % x 10
1 0 — —  ■ — 85.24 8.524
2 80 11.23 10/1 0 201.3 44.88 3.996
3 160 10.51 10/1 0 151.6 33*80 3.216
4 335 10.30 10/1 0 114.6 25.55 2 .481
5 405 11.01 10/io 128.6 28.67 2.604
6 445 11.31 10/1 0 131.7 2 9 .36 2 .596
11 585 10.76 10/io 114.25 25.47 2 .367
8 2955 10.55 25/33 32.025 7*14. 0 .8 9 3
8.3*5 Long term study of persulphate consumption by fresh slurry
As it was important to know the total lifetime of ammonium persulphate 
in contact with fresh faecal slurry the following, longer term, experiment 
was carried out.
Faecal slurry (1759*5 g) was treated by addition of persulphate 
(17*60 g) dissolved in distilled water (100 ml). The samples were then 
stored at 25° until required for analysis which was carried out in the 
manner described above. The results are summarised in the following 
table and graphically represented in Pig. 20.
Table 20 Long term persulphate consumption - fresh slurry
Time n / % fraction End point Y/t persulphate ^ ,„2
Sample (hr) Wt slurry .(g) analysed (T J v) (g x 10$) * X 10
1 0 - - - - - 95.92
2 27 10.00 25.°9/30tg7 84.10 18.750 22.919
3 50.3 11.89 25’92/30.46 42.57 9.491 %  388
4 74.5 10.55 25'55/36.20 8.07 1.799 2 .416
5 95-5 10.75 10/10 0.00 0.000 0.000
8.4 Summary
The amperometric titration was a very reliable and rapid method for 
the determination of persulphate in faecal slurry* Results show (Pig* 20) 
that persulphate is more rapidly consumed by older slurry but even in fresh 
slurry 1$ persulphate is totally decomposed within 5 days. This finding 
is particularly important in the light of the long period of effective 
action of this deodorant. Aqueous solutions of persulphate were found 
to be very stable in the absence of catalysts and ultraviolet radiation, 
little degradation taking'place within 10 days (Fig. 20).
CHAPTER 9 
Precolumn Trapping
9.1 Preliminary investigation
Nitrogen was bubbled through faecal slurry contained in a reaction vessel 
(500 ml). The exit gases were passed through dreschel tubes immersed in 
solid carbon dioxide/acetone (-80°) and liquid nitrogen (-196°) Ir­
respectively.. In the absence of traps the exit gases possessed a strong 
faecal odour, with trapJ in place only hydrogen sulphide was noted and both 
traps removed all odour. Flow was continued for 1 hour when the traps were 
disconnected and allowed to warm. The contents of trapTj,. exhibited three 
zones of behaviour. The white deposit on the upper tube evaporated rapidly, 
that in the centre left a liquid deposit, a white precipitate remaining in 
the lower tube. When the gases were dried (5A molecular sieve) the same 
behaviour was noted. A filter paper moistened with lead acetate solution 
was rapidly darkened by the gases indicating the presence of hydrogen 
sulphide. Nessler’s reagent (page2i3 ) gave a slight precipitate indicating 
the presence of gaseous ammonia.
9«2 The method of Burnett (47)
Burnett carried out gas liquid chromatography on chicken faecal volatiles 
using a column of Porapak Q* (1.8 m x 3 mm stainless steel). The front 
portion of this column was detachable, by means of Swagelok unions and 
constituted the precolumn. Nitrogen gas was passed through the sample under 
investigation and entrained volatiles trapped in the precolumn immersed in 
a bath of solid carbon dioxide and acetone. Drying was accomplished by means 
of a dreschel tube filled.with granular calcium chloride. To develop the 
chromatogram the cold column was rapidly removed from the coolant and installed 
in the instrument. Five minutes were allowed to elapse, with no carrier 
flow, for the operating temperature to be attained, this being the time . 
required for the oven temperature to overshoot and return to the set value.
The run was started by turning on the carrier flow. Fig. 21 shows a 
typical chromatogram obtained by Burnett.
An identical column was prepared and purged overnight (250°).
* A cross-linked polystyrene bead.
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9*2*1 g.c. operating conditions
Instrument Perkift Elmer model.F11 fitted with single flame- 
ionisation detector
Porapak Q (80-100 mesh), 1'.8 m x 3 mm o.d. 
stainless steel
75° initially (temperature#programme used)
10°/min
Column
Oven temperature
Programme rate
Pinal temperature
Injection temperature
Carrier gas (l^) flow 
rate
Hydrogen flow rate
Air flow rate
Internal standard 
(methanol)
Chart speed 5 mrn/min
35 ml/ rnin 
300 ml/mi 
0.05^1
15 ml/ min
m m
m
m —
Measured at room temperature
9*2.2 Apparatus
An apparatus, almost identical to that of Burnett, was constructed and 
is schematically represented in Fig. 22.
9.3 Apparatus modifications
At this stage several deficiencies were found in the apparatus:—
(a) Lack of adequate pressure control was hazardous in a stoppered apparatus 
(*) Heavy contamination was caused by small amounts of coolant contacting
the precolumn ends on removal. This problem was encountered by Williams
(238) who did not suggest a solution.
(c) Insufficient gas contact was made with the slurry.
A modified apparatus, shown in Pig. 23, was constructed to eliminate 
these failings.
A combined pressure release and-mercury manometer consisting of concentr 
glass tubes was included to allow excess pressure to escape by bubbling 
through the mercury. The 25 mm ’O 1 porosity sinter placed at the bottom of 
the apparatus created even gas dispersion and the shape of the apparatus 
gave increased contact. Coolant contamination was prevented by the use of 
powdered, solid carbon dioxide.
-9*3.1 Apparatus 2
Nitrogen gas was passed through distilled water (250 ml), contained in 
this apparatus, at a flow rate of 40 ml/min for one hour. A heavily
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•contaminated chromatogram resulted (Fig.24)*
9*3*2 Apparatus 3
The cause of the contamination was thought to be the rubber tubing used 
for apparatus connection. This was replaced by polythene tubing and the 
■ test chromatogram repeated. Reduced contamination (Fig* 25) resulted and 
all other rubber was removed from the apparatus and an all-glass replacement 
constructed.
9.3.3 Polythene tubing as contamination source
.Nitrogen gas (40 ml/min) was passed through polythene tubing (6 m) and 
precolumn trapped (1 hr). The chromatogram (Fig. 2.6) showed heavy contamin­
ation though exaggerated by the tubing length*
All tubing was, therefore, replaced by high density nylon tubing.
This problem was.highlighted by McKay (131).
9*3.4 Apparatus 4
Nitrogen gas (40 ml/min) was passed through the empty apparatus and 
precolumn trapped (2 hrs). The developed chromatogram still showed heavy 
contamination (Fig. 27)*
9*3*5 Nitrogen purification
The only, contamination source remaining was the nitrogen supply (131) 
'which was delivered from a cylinder bank. This was, therefore, passed 
through a dreschel bottle containing active charcoal at -80°. Using this 
modification nitrogen (40 ml/min) was passed through the empty apparatus 
and precolumn trapped (2 hrs). The resulting chromatogram showed little 
contamination (Fig. 28). •
9*3.6 Apparatus 5
For all subsequent work the flow gas was purified in this manner using 
two traps in series. The final apparatus is shown in Fig. 29*
9*4 Baseline drift
The large.drift in baseline of the resulting chromatograms was due to 
column bleed. Porapak Q is a cross-linked- polystyrene bead material which 
undergoes slight decomposition at high temperature giving rise to a 
gradually increasing background signal at high sensitivity (Fig. 28).
9*5 Comparison of drying agents
The value of calcium chloride, as a gas drying agent was suspect because 
of its reactivity, notably with alcohols. Precolumn runs were, therefore, 
carried out using identical faecal samples and conditions to test this.
Fig
 
24 
^
p
^
^
2
d2
C^
rc
rr^
^
ram
 
*ro
m 
Fig
 
25 
Re
du
ce
d 
co
nt
am
in
at
io
n-
ap
pa
ra
tu
s 
3
in
ssuodsaj J2pjOD2fcj
CO
in
CM
in
c
fcsuodsaj japjoazy
Fig
 
26 
Co
nt
am
ina
tio
n 
fro
m 
po
lyt
he
ne
 
tub
ing
 
j^g 
27 
Mo
de
ra
te
 
co
nt
am
ina
tio
n 
- 
G
pp
ar
at
us
4
T
2>suods2*j jspjODs'y
T T TT
in
CM
2SUOds2J JDpjODD^
.—I------r—...
2>SUOdS2>J J^pJODD^J
Drying .agents tested were anhydrous calcium chloride, anhydrous sodium 
sulphate and anhydrous magnesium perchlorate. Only calcium chloride 
efficiently prevented passage of water vapour. A run without desiccant 
showed a 25/-' sample increase but no preferential peak removal by calcium 
chloride. Sample increase was due to removal of adsorptive material.
9*6 Shortening of retention times by presence of water vapour
Four runs were performed after removal of the desiccant. The result was 
that some peaks in the chromatogram became broadened and the...retent ion time 
of the internal standard (methanol) was decreased by 10;/?;. Compromise was 
made by use of a short path of drying agent utilising the good drying 
properties of calcium chloride. The finely powdered solid i\Tas supported as 
a tight plug (5-10 mm) between two pieces of cottonwool. Thus the 25/? 
sample increase was maintained whilst water vapour'was removed. The trap 
could not be used for more than one hour and was changed after each run.
The calcium chloride used was freed from any volatile impurity by heating 
(100°) in a vacuum oven (6 hrs). The.product was then stored in tightly 
sealed glass containers.
9.7 Check for contamination build-up
In order that this might be detected and rectified a blank was carried 
out weekly using distilled water. Very little build-up was noted provided 
that the apparatus was thoroughly washed between runs. This was most 
effectively carried out by rinsing with cold water to remove slurry, hot 
water to remove adsorbed material, cold water and finally distilled water.
9*8 Check on grease volatility
The all-glass apparatus required tie use of a suitable grease , Apiezon K
(239)/ on various joints. Whilst great care was taken to apply this only 
to the outer portion of each joint its possible contribution to the chromato­
gram could not be ignored. Therefore, a tube was prepared containing cotton 
wool impregnated with grease. Nitrogen gas was passed through this for one 
hour and precolumn trapped. The resulting chromatogram was devoid of peaks 
at high sensitivity.
9*9 , Summary
The precolumn trapping technique proved to be a very sensitive method 
for the concentration of volatiles from dilute aqueous systems. Unfortun­
ately, it was also sensitive to various sources of contamination which 
appear to haye been overlooked by the originator of the method, Burnett (47)•. 
By carefully removing each contamination source in turn 'and paying particular 
attention to routine apparatus checks the method proved to be capable of 
excellent results. Better separation and resolution weie obtained using 
apparatus 5 than with the basic apparatus of .Burnett•
Identifications based on retention data
Retention data alone are not sufficient for complete identification 
of a g.c. eluate. The use of_two or more column packing materials allows 
greater confidence but is still not conclusive. For complete identification 
this evidence should be combined with a mass spectrum, n.m.r. or i.r. 
spectrum. However,none of these is of any use in isolation and retention 
data must first be calculated.
10.1 Apparatus
%
The apparatus'used was identical to that described in Fig. 29. Faecal 
slurry (300 g) was placed in the main vessed and the headspace flushed out 
with pure nitrogen. The precolumn was then attached and immersed in powdered 
solid carbon dioxide. The active charcoal traps were flushed out with pure 
nitrogen for 15 minutes and then immersed in solid carbon dioxide. A 
pressure of nitrogen was applied and the tap A opened to give a flow through 
the apparatus which was continued for a-predetermined time. At the end of 
a run the nitrogen supply was switched off and the pressure in the apparatus 
allowed to fall before disconnecting the precolumn. The precolumn was then ' 
removed and the chromatogram developed as previously described.
10.2 Sample preparation
A sample of - 50y slurry was prepared and distributed in 16 oz glass jars 
(300 g in each), each sufficient for one precolumn run. Half were treated 
with ammonium persulphate (1/?) and the dilution of the others was corrected 
by addition of distilled water. The samples were stored at 25° for 5 days 
allowing maximum.fermentation before analysis, the g.c. operating conditions 
were those described earlier (see section 9*2.l). The methanol internal 
standard (0.05^.1) was added by means of an S.G.E. syringe during the column 
warming period using the normal injection port. Retention data obtained are 
summarised in the following table
10*3 R ^ j eQjj for compounds found in faecal slurry 
Table 21 Retention times relative to methanol
r, ' i *T 2 month 5 day sample 5 day sample . _ ...
Peak Ho. . /x x i\ / 1 x Possible identitisample (treated; (untreated;
1 0.30 0.35 0.33
2 0.41 - -
3 1.00 1.00 1.00 I!ethanol (1.00)
3ak 2 month No. -fsample
5 day sampl’e 
(treated)
5 day sample 
(untreated)
Possible identities
I
4 1.28 1.22 — Ethanal (1.26) f
5 - 1.43 . Kethanethiol (1*33) ;
6 1.58 1.56 1.57 Ethanol (1.55) • 1
7 1.68 1.63 - - |
8 1*99 1.94 1.96 Acetone (1.92), dimethyl J 
sulphide (2.06) ethane- | 
thiol (2.03) [
9 2.16 2.09 2.09 1-propanol •
i
10 2.25 2.19 2.21 ... . ' 'iI
11 2.31 - - 2~methylpropanal (2.35) J
12 - 2.38 2.39 2-butahone (2.46) j
13 2.46 . - - Chloroform (2 .46) |
14 - - 2.58 - |
15 2.67 2.62 2.61 1-propanethiol (2.6l) |
16 2.94 2.88 2.90 benzene (2.94)> ) 
carbontetrachloride ( 2 JB 5)£
17 3.11 3.03 3.07 2-Pentanone (3.06) \
18 - - 3.28 1-Pentanal (3.18) I
f
19 3.72. 3.66 3.66 Dimethyl disulphide (3«48)i
20 3.84. - - ■
21 4.20 4.12 4.13 Toluene (3.92) [
22 5.89 5.75 - Ethylbensene (5*43) I
» I
.4 ZSS.ffiOH valuea. of authentic materials on Porapak Q
As the retention time of a compound on a Porapak column is determined 
largely by its molecular weight it was possible to select compounds account­
ing for more than 80% of those possibly eluting under the conditions used.
A series of authentic compounds was analysed under identical conditions 
to those tised for' faecal samples. For simplicity these were done in 'homo­
logous series as far as possible, each injection being carried out in 
triplicate, the results are summarised as follows:—
Compound r/t (mins)
hanol 10*8
propanol 15.0
propanol 13.6
butanol 19-4
Imtanol 17 «6
methyl~2~propanol 15.8
nzene 21.3
luene 27.1
hyl benzene 37.6
thylforaate 10.2
hyl formate 14-2
Propyl formate 18.1
thyl acetate 14-2
hyl a,cetate 17.6
Propyl acetate 22.5
Propyl acetate 20.5
etone 13.0
3-But ane di one 16.6
But anone 16.6
Me t hy 1-2—but anone 20.1
Pentanone 20.5
Pentanone 20.5
metliyl sulphide 14.0
ethyl sulphide 22.0
( 2~propenyl)sulphide 37.4
(2-propyl)sulphide 32.6
methyl disulphide 23.6
hanethiol 13.9
propenylthiol 17.2
propanethiol 17.7
ethyl-2—prop ane thiol 18.9
Butanethiol 23.2
chioromethane 14.1
loroform 17.7
bon tetrachloride 20.5
ideUll
Run 2
RRT R/T (mins) RRT
1.57 10.7 1.53
2.17 14.9 2.13
1.97 13.6 . 1.94
2.81 19.2 2.74
2.55 17.6 2.51
2.29 15.7 2.24
2 .9 4 20.1 2.96
3.93 26.7 3.93
5.45 37.0 5.44
1.48 10.2 1.48
2.06 14.2 2.06
2.62 18.0 2.61
2.06 14.2 2.06
2.55 17.6 2.55
-3.26 22 .4 3.25
2.97 20 .4 2.96
1.93 13-4 1.91
2.47 17.1 2.44
2.47 17.1 2 .44
2.99 20.5 2.93
3.14 21 .4 3.06
3.14 21 .4 3.06
2.06 13.9 2.07
3.24 21.8 3.25
5.50 37.2 5.55
4.79 32.5 4.85
3.47 23.4 3.49
2.07 13.8 2.00
2.56 17.3 2.51
2.63 17.8 2.58
2.81 18.9 2.74
3.45 23.2 3.36
1.96 14.0 1-94
2.46 17.7 2.46
2.85 20.6 2.89
Run 3 Average
R/T (mins) RRT RRT
10.7 1.55 '1.55-
14.9 2.16 2.15
13.5 1.96 1.96
19.3 2.80 2.78
17.6 2.55 2 .5 4
15.7 2.28 2.27
20.1 2.93 2 .9 4
26 .8 3.91 3.92
37.0 5.39 5.43
v 10.2 1.48 1.48
14.2 2.06 2.06
18.1 2.62 2.62 -
14.2 2.06 2.06
17.6 2.55 2-55
2 2 .4 3.25 3.25
20 .4 2.96 2.96
13.0 1.91 1.92
16.7 2,46 2.46
16.2 2.46 2.46
20.2 2.97 2.96
21.1 3.10 3.06
21.1 3.10 3.06
14.2 2.06 2.06
22 ,3 3.23 3 .2 4
38.2 r?.54 5.53
33.3 4.83 4.82
24.1 3.49 3.48
13-7 2.02 2 .03
17.2 2.53. 2 .53
17.7 2.61 2.61
18.8 2.76 2.77
23.2 3.41 3*41
14.1 1.94 1.95
17.8 2.45 . 2.46
20.5 2.82 2.85
M etn an e tliio l
As this compound is gaseous*at normal temperature it was treated 
differently, A large test tube having a ground glass joint was fitted with 
a dreschel head having both inlet and outlet sealed by vacuum taps.
Methanol (l.O ml) was placed in the tube which was then flushed with 
methanethiol gas (see page2l2). The flask was vigorously shaken and a 
vapour sample (250/xl) removed by means of a gas tight syringe (500^ 1) 
through a septum cap. The results are summarised, as follows:—
Hun .1 Hun 2 Run 3
Average
R/T (mins) RRTMeOK r/t (mins) ^ M e O H  R/T (mins ^^leOH R R T ^ ^
Methanol 7.4 1.00 7.1 1.00' _  7.1 1.00 1.00
Methanethiol 9.8 1.32 9*5 1.34 9.4 1.32 1.33
10.4*2 Aliphatic aldehydes and acids
Mixtures of aldehydes and fatty acids were both found to undergo 
reaction with methanol. Internal standards of toluene and benzene respect­
ively were used and conversion to RRT,,,. ^  made, (rHT.,^^ (toluene) = 3*92. an 
RRT., „ T (benzene) =2.94).nejii
Table 23 ^^leOK determination for aliphatic acids and aldehydes
Compound Run' 1
,R/T ; RRT 
(mmsj T
RRT
M
Run
r/t
(mins)
2
- RRT 
]>1
Run
r/t .
(mins)
3
RRTmX
RRT,t
Aver,
RRT,
n
Ethanal 8.72 0.322 1.26 8.60 0.322 1.26 8.6 0.322 1.26 1.26
Propanal 13.2 O .489 1.92 13.1 0.491 1.92 13.0 0.487 1.91 1.92
1-Butanal 17*2 0.630 2.47 16.8 0.629
CM 16.8 0.629 2.47 2.47
2-Methyl-
propanal 16.2 0.600 2.35 16.0 0.599 2.35 15.9 0.596 2 .34 2.35
1-Pentanal 21.9 0.811 3.18 21.7 0.813 3.19 21.66 0.811 3 .18 3.18
3-Methyl-
butanal 20.6 0.763 2.99 20.4
O .764 2.99 20.40 0.764 2.99 2.99
R/ T 
(mins) RRT'B RRTI5
R/T 
(mins) RRTB
RRT- Average
rrth
Acetic acid 14.3 0.71 2.09 14.1 0.71 2.09 2.09
Propanoic acid 18.0 0.90 2.65 17.8 O .89 2.62 2.64
2—Metbylpropanoic 
acid 21.46
1.07 3.15 21.4 l.O? 3,15 3.15
Butanoic. acid 22.60 1.12 3.29 22.5 1.13 3.32 3.31
Pentanoic acid 30.8 1.53 4.50 30.6 1.53 .4.50 4.50
3-M et hy lbut ano i c 
acid 28.3 1.41 4.15 28.2 1.41 4.15 4.15
10*5 The effect of trapping on retention time * .
As -RRT„ values were calculated for more than 80y of possible compounds tieOrl • ' •"
the agreement between faecal and authentic samples was poor. An experiment
was, therefore, devised to study the effect's of the trapping procedure on
RRT.r r\TT values. heOPI
Two precolumn trapping runs were carried out using dilute solutions of 
authentic compounds. Equal parts by weight of benzene, toluene and ethyl—
benzene (0.1 g) wore shaken with distilled water (300 ml). The mixture was
placed in the flushing apparatus and the standard method followed to obtain a 
trapped sample. RRT^ values for wholly trapped samples were greater than
those where the methanol internal standard was injected:-
• Trapped RRT,. Atr Injected-RRT,. niT fo Error. neOH u heOH '
Benzene 3.11 2.94 5*78
Toluene 4.20 3.92 7.14
Ethylbenzene 5*89 5*43 8.48
The procedure was repeated using a mixture (0 .5 g) containing methanol, 
ethanol, 1-propanol and 1~butanol (l:1:2:2)r —
Trapped RRT^q^ Injected RRT^^^ fo Error
Ethanol 1*57 1*54 1«95
1-Propanol 2.19 2.13 2.82
1-Butanol 2.84 2.75 3.27
These results are represented graphically in Pig. 30.
Several explanations of this behavior are possible:-
(a) Sample adsorption by the Porapak might occur. The greater retardation 
of aromatic hydrocarbons might be due to their greater affinity to the 
aromatic packing.
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programme to start at a slightly reduced temperature. Excessive delay 
hoitfever, causes peak broadening due to diffusion.
10.6 The use of an internal1 internal standard
To eliminate these effects several runs were performed in which the,methanol 
internal standard (0.01 ml) in distilled water (50 ml) was added to the apparatus 
immediately preceding a run. Unfortunately, the result was a small internal 
standard peak caused by low extraction efficiency in faecal slurry. When 
the internal standard concentration was increased (0*5/*v/v) an easily recognised 
peak was obtained. Two runs were then carried out using this amount of internal 
standard with two faecal slurry samples, treated and untreated.
Table 24 Further tentative identifications
Peak No.
1
2
3
4
5
6
7
8
9
10
11
12 .
13
14
15
16
17
18
^MeQII
Treated sample Untreated sample
0.39
Tentative identifications
0.92
1.00 
1.22
1*44
1.56
1.89
2.01 
2.11
2.31
2.47
2.86
0.88
1.00
1.35
1.58
1.89
1.99.
3.52
3.89
5.43
2.49
2.80
2.87
3.12
3.45
3.92
5.52
Ethanal (1.26)
Methanethiol (1«33)
Methyl formate (1.-48)
Ethanol (1.55)
Acetone.(1.92), dimethylsulphide 
(2 .06), ethanethiol (2.03), 
Propanal (1.92)
Dimethylsulphide (2.06),
ethanethiol (2.03)
Dimethylsulphide (2.06),
1-propanol (2.15)
2-Methy1-2-propanol (2 .27),
2—methylpropanal ( 2 .35)» 
Chloroform (2.46)
2-Butano ne (2.46), 
2 ,3-Butanedione (2.46),
2-methy1-1-propanol (2.54) 
butanal (2.47)
2-Methyl-2-propanethiol (3.41), 
butanol (2.78)
Bensene (2.94)* carbontetra- 
chloride (2 .85)
1-Pentanal (3.18),
2—methyIpropanoic acid (3.15)
Dime thyldisulphide (3*48) 
Toluene (3 .92)
Ethylbenzene.(5*43)
10.7 Further retention data for slurry components
As the use of an ’.internal* internal standard gave good results more 
extensive comparisons wore made. The column was reconditioned overnight at 
230° and the oven temperatures> were checked using a thermocouple. Actual, 
temperatures of 73° and 230° 7/ere found to require settings of.80° and 233° 
respectively.
In all cases the v/eight of sluriy used was- 300 g3 contact time was one 
hour and flov/rate was 40 ml/min. Samples used were as follows 
Run No.1 Treated slurry (l/), five day fermentation
2 Untreated slurry, five day fermentation
3 Treated slurry (l/), stored at 0° after five day fermented;ion
4 Untreated slurry, stored at 0° after five day fermeiitation
5 As 3 but centrifuged before use
6 Untreated slurry, two day fermentation
7 Treated slurry, two day fermentation
The results are summarised in the following table:-
Table 25 Further retention data for slurry components
Retention time relative to methanol Tentative identifications
±k No 1 2 3 4. 5 6 7
0 0.34 0.39 0.39 0.34 - 0.33
1 0.92 0.92 O .92 0.93 0.94 0.91 0.88
2 1.00 1.00 1.00
00
«■
r* 1.00 1.00 1.00
3 - 1.38 - - U 41 - - Methanethiol (1*33)
4 1.48 1.48 1.48 1.52 1*51 ■ 1.52 1.50 . Ethanal (l«55)
5 1.58 1.59 1*59 1.61 - - . * _ Ethanol (1.55)
6 1.96 1.95 1.97 1.98 1.98 2.00 1.97 Acetone (1.92), ethanethiol (2.03), 
2-propanol (1»98), propanal (1.92)
7 2.08 2.05 2.06 2.07 2.08 2.07 2.06 Dimethyl sulphide (2.06), 
ethanethiol (2 .03)', ethyl formate 
(2.06), methyl acetate (2.06),. 
acetic acid (2.O9)
8 2.18 2.18 2.21 2.20 2.19 2.20 2.20 1-propancl (2.15)
9 2.58 2.57 2.58 2.60 2.60 2.59 2.59 1~propanethiol (2,61),
2-methy1-1~propa.no1 (2.54)
Retention time relative to methanol Tentative identifications
Peak ITo 1 2 3 4 5 6 7
10 2.85 2.78 2.79 2.82 2.83 2.80 2.82 Carbontetrachloride (2 .85),
2-methyl-2-propanethiol (2.77)1
1-butanol (2.78)
11 2.97 2.96 2.97 2.99 3©00 3.00 2.98 Benzene (2.94)» 3-ihethyl-2-butanone
(2.96), 3-methylbutanal (2.99)
12 3.61 3.62 3.61 3.64 3*63 3.67 3.64 Dimethyl disu'lphide (3.48)
13 4.00 3.97 3.98 4.02 4.05 4.03 4.02 Toluene (3 .92)
14 5.57 ~ 5*32 5*54 5.60 5.58 5«56 Ethylbenzene (5.43)
10.8 The use of a second column for confirmation
As Table 25 shows it was difficult to make confident identifications 
based on one set of retention data, compounds with intermediate RRT^e^  
values have several possible identities. Consequently a column was required 
with different characteristics from Porapak which elutes in increasing order 
of molecular weight. A polar column was, therefore, employed.
10.8.1 30- Carbowax 20U
A high phase loading was selected in an effort to separate the very 
volatile odour compounds adeque/tely. A split column, identical to that used 
with Porapak Q, was packed with 30/ Carbowax 20!-! and conditioned for 24 
hours at 200°. Unfortunately, this was found to give inadequate separation 
of a test mixture (equal weights of acetone, benzene, toluene and methanol) 
even at low temperature (40°).
10.8.2 Use of Carbowax 600
This is a much lower molecular weight polyethylene glycol (l-T.W. about 
600) than Carbowax 20M (lI.W. about 2 x 10^) and was chosen for its better 
retention of low molecular, weight compounds.
When operated isothermal^ at 50° this column was found to give good 
separation of the test mixture mentioned above. The g.c. operating conditions 
are identical to those described on page7l except that a lower carrier ga,s 
pressure was required in order to maintain a moderate flow. The following 
table lists only the conditions which differ from those on page7l «
Table 26 g.c. operating conditions (additional)
Column - 1.8 m x 3 mm Carbowax 600
Oven temperature - 40° initially (temperature programmed)
Programme rate - 3°/min
Final temperature - 120°
Carrier flow - 20 ml/mim
An exploratory run was carried out so that a non-interfering internal 
standard could be chosen. A wide combination of materials was tried as 
two internal standards were desirable.
Compounds investigated included C ^ - C ^  normal alkanes, xylenes, 
methyIformate, ethylacetate, 1~propylacetate and 2-propylacetate. A solvent 
for the internal standard was also required so that its concentration could 
approximate to that of the faecal components. No suitable solvent could be 
found that eluted before the chromatogram or after it and none of the above 
compounds were suitable as internal standard. Methanol (1^) in distilled 
water was, therefore, used the latter'having no effect on the f.i.d. 
chromatogram. To prevent tailing from prolonged contact with the metal 
injection port the internal standard was injected immediately before the 
start of each run.
10*9 Retention data for faecal samples using CaroovYax 600
Several samples, treated and untreated, were run on this column.
The values of RRT^ q^ for representative runs are listed in the following 
table:-
Table 27 Retention data from Carbowax 600
Peak No. ^.IeOH
"Run 1 T?nn 0 Tentative identification
1
(Untreated) (treated)
1 - 0.09
2 0.11 0.13 Methanethiol (0.15)
3 0.19 0.20 Ethanal (0.21)
4 0.26 0.27 Dimethyl sulphide (0.26)
5 0.29 0.30 Methyl formate (0.30)
6 0.42 0.42 2-Methylpropanal (O.42)
7 0.56 0.55 Acetone (0.47)
8 O .65 0.63 Carbon tetrachloride (O.61)
9 - O .67 Butanal (0.66), diet hylsulphide (0.69)
10 0.7 6 0.77 2-Butanone (0.78), dichloromethane 
(0.84)
11 - 0.81 Benzene (0.88)
12 1.00 1.00
13
14
1.08
1.16
1.09 ( 2~penta,none (1.20), 2,3-butanedione 
( (1.18), 2-propanol (1.18),
1.17 ( 1~propylacetate (l..15)» ethanol (1.22)
15 1.34 1.34 Chloroform (1•39)
Table 27 Cont.
Peak Ho. ' ■ „  .  ' -n r , Tentative identificationRun 1 Run 2
(Untreated) (Treated) .
16 1.63 1.60 Toluene (l«47)
17 •1.76 1.73 Dimethyl disulphide (1•73)
18 - 1.87 2-Methy1-1-propanol.(1.90)
19 2.03 1.99
20 2.10 2.08 Ethylbenzene (2.08)
21 2.29 - * Di(2-propenyl) sulphide (2.28)
22 2.45 2.40 v
23 2.57 2.57
24. 2.65 2.66 n-butanol (2.70)
25 2.78 2.75
26 2.96 2.93
27 3.07
(Figures in parentheses refer to the authentic compound)
10.10 RRT,. ~TT values for authentic mixtures ——frieQII -------------------;— ----------------------------
Mixtures were made up, in homologous series, and injected conventionally 
in duplicate. ' All other conditions were identical to those used for faecal 
samples. - Peaks were differentiated by injection of the mixture constituents 
separately under isothermal conditions.
The results obtained vrere as follows, all mixtures containing equal 
parts by weight of the listed compounds:-
Run 1 Run 2 Run 3 Average
Compound r/t
(mins)
RRT
’ MeOH
r/t
(mins)
RRT
MeOH
r/ t
(mins)
RRT
‘ .MeOH
RRT
MeOH
2~methy1-2- 
propanol
8.70 1.00 8.80 1.00 - ~ . 1.00
2-propanol 10.40 1.20 10.30 1.17 - - 1.18
ethanol 10.60 1.22 10.66 1.21 - - 1.22
2-butanol 15.60 1.79 15.60 '1.77 - - 1.78
1-propanol 16.60 1.91 16.60 1.89 - - 1.90
1-butanol 23.72 2.73 23.72 .2.70 - - 2.72
benzene 7.70 0 .88 7.70 0«88 — — 0.88
toluene 12.70 1.46 12.80 1.47 - - . 1.47
ethylbenzene 18.10 2 .08 18.06 2.07 - - 2.08
methyl formate 2.66 0.30 2.70 0.30 _ — 0.30
methyl acetate 4.12 0.47 4.24 O .48 - - O .48
ethyl formate 4.12 0.47 4.24 0.48 - ... O .48
ethyl acetate 6.20' 0.70 6.20 0.70 ■ - - 0 .70
2-propyl, acetate 6.40 0.73 6.50 0.73 - - 0.73
1-propyl formate 7.30 0.83 7.50 O .85 - - O .84
1-propyl acetate 10.00 1.14 10.32 1.1.6 — •— , 1.15
Acetone 4.06 0.47 4.00 O .46 4.12 0.47 0.47
2-Butanone 6.86 G.79 6.80 O .78 6.92 O .78 O .78
3-M ethyl-2- 
butanone 8.10 0.93 8.06 0.93 • 8.20 0.93 O .93
2,3-Butanedione 10.50 1.21 10.50 1.21 10.50 1.19 1.20
2-Pentanone 10.50 1.21 10.50 1.21 10.50 1.19 1.20
Dimethyl sulphide 2.30 0.26 2.24 0.25 0.26
Diethyl sulphide 6.10
Di(2~propyl)
sulphide
Dimethyl disulphidel5»14
Pi(2-propenyl) . 
siilphi.de *9*9
O .69
O .85
1.72
2.26
6.00
7.46
15.30
20.20
0.68
O .84
1.73
2.30
- -
O .69
0.85 
1.73
2.28
Methanethiol 1.30 0.15 1.30 0.15 - - 0.15
Carbon tetra­
chloride 5.32 0.62 5*26 0.60 5.20 0.60 0.61
Bichloromethane 7.26 O .84 7.30 O .84 7.30 0.84 O .84
Chloroform 12.04 1.40 12.06 1.39 12.10 1.39 1.39
RRT,r _TT values for these compounds were calculated by means of the 
MeOH
value of RRT, (see section 10.4),benzene v .
Table 29
Run 1 Run 2 Average
Compound r/t
(rnins)
RRT RRT
M
r/t
(mins)
RRT
B
RRT
M RR\
Ethanal 1.7.2 0.23 0.20 1.70 0.22 0.19 0.20
Propanal 3.20 0.42 0.37 3.20 0.42 0.37 0.37
2-Methylpropanal. 3.60 0.47 0.41 3.60 0.47 0.41 '0.41
1-Butanal 5.70 0.75 0.66 5.80 0.75 0.66 0.66
3-41 et hy lbut anal 7.60 1.00 0.08 7.70 1.00 0.88 0.88
1-Pentanal 11.10 1.46 1.28 11.20 1.45 1.28 1.28
10*10.2 Alkanethiols
When injected a mixture of thiols gave only a very broad peak early 
in the chromatogram. Injection of the constituents singly showed this to 
be due to peak tailing and bad separation. It was not possible to calculat 
any retention data for these compounds.
10.11 Summary
Two column packings were successfully found which gave good separation 
and resolution of faecal volatiles and two sets of retention data which, 
when used together, allowed tentative identification of most of the slurry 
components. The use of an ’internal1 internal standard proved very useful 
in obtaining accurate retention data. It is important, when using the 
precolumn technique, that exactly the same procedure is followed with 
■unknown and standard mixtures. However, the identities of several peaks 
remained uncertain and the use of additional identification techniques was 
essential for complete identification.
11»1 appraisal of gas chromatographic effluent
Tentative identifications of several highly odorous materials including 
methanethiol, dimethyl sulphide and ethanal were made.. Less positive 
identifications of such compounds as dimethyl disulphide, ethanethiol and 
various aldehydes were also made. Some unexpected materials including 
benzene, toluene and ethylbenzene, were also thought to be present. A 
simple organoleptic assessment was, therefore, made in order to give support 
to these identifications.
11.2 Method .
A sample of two month old untreated slurry was divided into equal 
portions (.400 g). One was chromatographed using a higher than normal flow- 
rate (60 ml/min) and contact time of one hour. The chromatogram was'recorded 
at the high chart speed of 15 mm/min.
Before the second sample was analysed the following instrument modifi­
cation was made. A length of stainless steel tubing (50 era x 3 mm OB) was 
attached to the detector end of the column by means of a Swagelok coupling 
and lead from the .column oven, the gap being plugged with asbestos tape.
The protruding section of the extension tube (25 cm) was warmed (1pO°C) by 
a heating, tape to prevent condensation. '
The chart paper containing the first chromatogram was rewound and the
second chromatographic run started at the same point as the first. Each
time an odour was noticed at the column exit its commencement and termination
was marked on the chart. In this way two superimposed chromatograms were
obtained, of f.i.d. response and organoleptic evaluation (see Pig. 3l). It
was not possible to obtain values of RRT,, ~TT as-fie addition of an internalkeOH
standard peak was undesirable and the accuracy of oven temperature readings 
couldnot be assured in the modified apparatus. The odour evaluations and. 
tentative identifications are listed in Table 30.
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Table 30. Odour evaluations
Ho. Odour evaluation •  ^ Strength
1 sulphurotis' ■ j faint
2 hydrogen sulphide) (hydrogen sulphide) very strong
3 sulphurous  ^ faint
4 "burnt medium
5 leeks (methanethiol) strong
6 "burnt faint
7 ■_ sulphide? faint
%
8 thiol medium
9 "burnt • '■ medium
10 thiol (ethanethiol) strong
11 cabbage—water (dimethyl sulphide) very strong
12 cabbage-water weak
13 burnt (2—butanone) . medium
14 burnt (2-butanone) strong
15 thiol (1-propanethiol) medium
16 sweet sulphurous . medium
17 offee-like (2,3-butanedione) medium
18 sweet sulphurous ' medium
19 burnt faint
20 ketonic (2-pentanone) medium
21 butter-like medium
2 malty—sulphurous) (dimethyl disulphide) very strong
3 malty-sulphurous) very strong
24 toluene ) (toluene) very strong
5 benzenoid ) strong
6 cabbage—water faint
7 sweet faint
8 ' peardrops , faint
9 sweet. faint
30 burnt faint
1 aromatic-sweet faint
2 rancid—buttery faint
3 resembling cigarette smoke faint
4 fragrant-aromatic faint
35 fragrant-aromatic faint
6 aliphatic acid . faint
(a) Inhale slowly through nose near tube end
(b) Exhale away from tube (through'mouth)
(c) Inhale-away from tube (through nose)
(d). Exhale away from tube and repeat (a)
11 *4 Summary
The major achievement of this experiment was to demonstrate the extreme 
complexity of the manure odour. Not only were unpleasant elements (sulphurous, 
thiol, leeks, etc) detected but pleasant odours (toffee-like, butter-like, 
malty, pear drops, etc) were also detected. It was unfortunate that the 
unsophisticated apparatus used did not permit the calculation of relative 
retention data, though approximate comparisons with other chromatograms 
allowed several tentative identifications. Ideally, using a column effluent 
splitter, both f.i.d. chromatogram and nasal evaluation could be made 
simultaneously and a direct comparison with relative retention data made. 
However, no suitable instrument was available and this was, therefore, not 
possible.
It was interesting to observe that in several cases an odour was 
detected when no f.i.d. response was obtained demonstrating the greater 
sensitivity of the nose to certain compounds. This illustrates the great 
drawback to this type of investigation, namely that only those compounds 
detected by gas chromatography are assumed to be present in the odour.
However, compounds such as hydrogen sulphide, jnethanethiol, dimethyl sulphide 
and dimethyl disulphide were all detected by the flame ionisation detector 
in precolumn trapped samples obtained from faecal slurry which shows that 
the main odour contributors were all detected.
CHAPTER 12
Combined gas chromatography - mass spectrometry (gc-ras) - Apparatus and
conditions
12.1 General
Chapter 10 demonstrated that identification by g.c. retention times 
could be very convincing, but it is never entirely conclusive. It was 
fortunate, therefore, that such a powerful identification technique as 
g.c.-in.s. was available. However, the combination, at this stage, was 
untried in this laboratory and work was necessary to ascertains- 
(a) The best possible operating conditions.'
0>) The ultimate sensitivity of the instrument.
(c) Its applicability to the difficult identification of faecal 
volatiles removed by precolumn trapping.
12.2 The mass spectrometer
The instrument used was a conventional AEI MS12 single focussing
mass spectrometer having a 90° magnetic sector and an ion-path radius
of 30 cm. The ion source has four inlet ports directly in line with
the ionisation region for coupling to a variety of inlet systems, this
and the analyser are differentially pumped. A total ion current monitor
.intercepts about 10$ of the ion beam so that sample flow can be
monitored or a chromatographic record produced in g.c.-m.s. operation.
When used in this way the electron energy was maintained at 24eV which
is just below the ionisation energy of helium (24*58eV). However, all
spectra were run at 70eV for comparison with reference material.- Other
conditions used were as followss-
Source slits . - 0.001 in
collector transmission - 50$
repeller x>la'fee voltage - zero
accelerating voltage - 8 ICv
magnet scan - 24 secs per decade
normal scan, time - 30 secs
o
source temp. - 250
Resolution during g. c.-m.s. operation was about 1000 on the 10$ 
valley definition.
12*3 The gas chromatograph
The instrument used was a Pye 104 gas chromatograph fitted with 
a single flame ionisation detector and temperature programmer. This 
was designed for operation with 6 mm‘ OD columns of either stainless 
steel or glass and capillary columns. For reasons which will become 
obvious later, the present work was performed exclusively with the 
first of these. A variable splitter fitted between column and detector 
allowed a portion of the carrier gas stream to be removed for passage 
to the m.s. It consisted simply of a staggered glass T-piece having 
a sliding needle by means of which the ratio could be varied. This 
is illustrated in Fig. 32.
membrane separator using a metal capillary which was heated to prevent 
formation of cold spots.
12.3*1 The carrier gas
In conventional gas chromatography the carrier gas does not play 
an important part in the separation though it should be chemically inert 
and compatible with the detector. For example, the sensitivity of the 
thermal conductivity detector is greatest with a low molecular weight 
carrier gas. Hydrogen, therefore, gives the greatest sensitivity, but 
helium is preferred as it.is less reactive and less hazardous.
In g.c,-m.s. the mass spectrometer is used as a g.c. detector and 
its requirements for the carrier gas must be met. When capillary columns 
are directly linked to the m.s. nitrogen interferes through its mass 
spectral pattern at m/e 28 and 29* The use of helium allows carrier
Fig.32. Variable column effluent splitter
adjustment needle
L
1
to f.i.d
C
to m.s.
The column effluent was passed through the g.c. oven wall to the
gas ionisation to be removed by operation at an ionisation energy of 
20eV. The ionisation potential of helium (24.58eV) is higher than both 
nitrogen (15*6eV).-and hydrogen (l5*4eV)e When a separator system is 
employed this is of less importance, the greater diffusivity of the low 
molecular weight gases being advantageous only with the frit and jet 
separators. The membrane separator utilises eluate solubility and is 
virtually unaffected by choice of carrier gas though helium is often 
used, especially when high membrane temperatures are required.
12*3*2 Sample introduction
This was carried out by means of the on-column trapping technique 
(see chapter 9)» in this case the whole column (l.fjmx 6 mm OD) was used.
12.3.3 Metal columns
Glass columns are usually preferred to metal ones as they are more 
inert to reactive compounds such as amines and thiols. As powdered 
dry-ice was used as coolant the use of these columns was not possible. 
Solidification of the coolant occurred and removal could fracture a 
glass column. Little trouble was encountered when-running thiol 
mixtures with metal columns though amines tailed badly and determination 
of these was not possible.
12.3.4 Coolant level
The level of coolant relative to the column packing was found to 
be very important as is illustrated by Pig. 33*
Fig.33. The effect of coolant level
sample
*coo!an'
I f  coolant is above the level of the column packing (a) then the sample 
condenses on the column walls. When removed from the coolant this will 
• very rapidly evaporate and be lost. I f  the coolant level is too low (c) 
then the sample is spread over too large a volume of column packing 
resulting in bad resolution and variable retention data. The ideal 
situation is represented by (b) where the coolant and packing levels
coincide exactly and a very steep temperature gradient occurs. The 
sample is deposited in a very small volume giving good resolution.
12*4 The membrane separator
. The apparatus available was fitted with' a silicone rubber membrane 
separator (225)* The principles of operation have already been 
briefly described (section 6.7). Pigs 34 an& 35 indicate the construct­
ion and layout of the separator in relation to the.gas chromatograph.
A three-way valve (solvent vent) was incorporated between column and 
separator so that undesirable eluates (solvents) could be vented.
Another three-way valve (separator pumping valve) allowed conventional 
use of the mass spectrometer whilst protecting the membrane from air 
degradation which occurs at moderate temperatures.
12.5 The transfer line
This is an essential component linking the separator to the mass 
spectrometer. The internal diameter should be as large as possible 
for maximum transfer of eluting components and minimum time lag.
12.6 The effect of instrument parameters on efficiency
It is of the utmost importance in the analysis of dilute systems, 
that sample losses are minimised. For this reason instrument variables 
were optimised.
12.6.1 The g.c. separation
The quality of the g.c. separation has a great influence on the 
sensitivity of the g.c.-m.s. system. Inadequate separation leads to 
overlap of spectra and an attendant rise in the limit of detection. 
Better separation is usually achieved by decreasing the temperature or 
carrier flow rate though unfortunately this creates another problem due 
to bad peak shape. The peak usually becomes broader and more sample is 
required to give an adequate spectrum.
Equally important is the ra,te at which sample concentration changes 
in the mass spectrometer and this should be as low as possible whilst 
the spectrum is scanned (5-6 secs) to avoid distortion. To summarise, 
if the temperature or carrier flow rate are too high lack of separation 
and distortion result although the maximum sample concentrations are 
high. If too low then lack of sensitivity due to insufficient sample 
concentration results although both separation and spectra will be 
improved.
Sample to Mass Spectrometer
Glass
FritSilicone 
Rubber Fillet'
Membrane
Carrier Gas
Sample/Carrier Gas
Fig . 35. The separator layout
Glass to 
metal seal
Solvent 
vent valveRe-entrant heater Metal
'capillaryRe-entrant heater
Line heater
Membrane
separator
To MS 
Source
^S ilicone  
rubber tubing
"  8 in copper 
or other suitable 
tubing
Heated oven
GC column
Flow meter
Separator 
pumping valve
Inlet system GC oven
roughing pump
This was used throughout so that the many peaks of the complex 
mixture could, as far as possible, be made uniformly sharp and 
symmetrical*
12.6*3 Column bleed
In all cases column temperatures were kept to a minimum as easy 
identification of mass spectra is only possible in the absence of any 
impurity spectrum* In gas chromatography the volatility of the 
stationary phase is usually neglected and its effects reduced by the use 
of. a dual column apparatus. In g.c.-m.s. this is not possible and any 
-> stationary phase volatility results in a background spectrum which 
raises the limit of detection and sometimes makes g.c.-m.s. impossible.
12.6.4 Mass spectrometer background
This is caused by material not removed by the vacuum system 
because of adsorption or from pump oil volatility. Both can be removed 
by 1 baking’ the mass spectrometer by heating the working parts whilst 
maintaining a high vacuum. This was done routinely before carrying out 
g.c.-m.s. of faecal volatiles.
12.6.5 Membrane overload
Large samples were found to result in more compound being present 
at the separator than could diffuse across it, resulting in saturation. 
This is reported to occur at an organic flow rate of 100 pg/sec (240) 
which is easily reached by an injection of a 1JJ1 sample. Fig 36 
shows membrane overload caused by an injection of linalool (2.0 JJl).
12.6.6 Relationship between sample size and m.s. response
The effect of sample size on m.s. response was investigated by 
injecting various amounts of toluene. Fig 37 illustrates the relation 
between sample size and t.i.m. response (peak area). Throughput begins
to fall well before the saturation point.
12.6*7 Effect of membrane temperature 011 overload
The transfer rate across the membrane should increase vdth 
temperature. 0.5 /Jl of toluene could be safely injected at a membrane 
temperature of 100° and 1 .Q^il at 150°,
12.6.8 Optimisation of separator parameters
To obtain the optimum values of the membrane and transfer line
temperature (T^ and T^) both were independently varied whilst a mixture 
containing equal weights of methanol, acetone, n-hexane and benzene 
(O.l^ il) was injected. At low 1^ values throughput was high but separation
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poor*, At high T^ values throughput was lower . hut separation improved* 
The optimum value for T^ was found to be 100°. Variation of T^  had 
no effect on separation but high values resulted in decreased through­
put.
For subsequent work the values used were T„ = 100° and Tr = 100°.
lu L
A moderate value of T was used to avoid condensation.
h
12.7 Column selection
Due to the high sensitivity of the mass spectrometer it was found 
that at the temperatures required for resolution of compounds of interest 
Porapak Q gave' too much background from column bleed. Carbowax 4000 
and 20M gave inadequate separation of a test mixture containing methanol, 
chloroform, benzene, toluene and ethylbenzene. Satisfactory results 
were obtained with Apiezon-L grease and this was used.for initial work.
12.7*>1 The use of Apiezon L for g.c.-m.s.
The bleed characteristics of this column were evaluated by means 
of baseline drift, in normal f.i.d. operation, at a sensitivity of 500. 
After overnight purging (18 hrs at 250°) using a helium flow rate of 
40 ml-/min this was found to be negligible between 50° 200°. '
A sample of faecal volatiles was trapped on this column and examined
gas chromatograph!cally. The conditions were as follows
Instrument - Pye 104 gas chromatograph
Column - Apiezon grease L (15?) on Celite (60-80 mesh)
Column dimensions — 1,8 m x 6 mm OD stainless steel
Carrier gas - Helium (50 ml/min)
Detector - Flame ionisation
Initial column temp. - 60° (programme employed)
Programme rate - 10°/min
Final temp. - 220°
Chart speed - 1 cm/min
This resulted in a chromatogram containing several well separated 
peaks and a number of small ones.
12.8 Evaluation of g.c.-m.s. sensitivity
A diethyl ether solution of toluene (0.1pi of 15s1 w/w) gave a 
peak corresponding in size to those from faecal samples when examined 
by g.c. -m.s. The mass spectrum from this peak could be easily identified 
on the lowest sensitivity galvanometer trace* However, toluene passes 
through the membrane separator easily and has a strong readily recognised 
parent peak cluster.
CHAPTER 13
Combined gas chromatography-mass spectrometry (gc-ms) — Results
A variety of different column packings .and conditions were used 
in order that as many volatiles as possible could be identified.
Invariably only a portion of a chromatogram could be analysed at any 
one time. Therefore, by careful alteration of such parameters as 
programme rate, initial temperature, final temperature, initial delay, 
flow rate, etc. appropriate’ portions of the chromatogram could be selected. 
The identifications resulting from successful gc-ms runs are given in 
the following; table: .
Table 31 Compounds identified by gc-ms
gc-ms 1 
(Apiezon L)
Chloroform
toluene and 
methylthiophene
octamethyl-
cylotetra-
siloxane
ethylbenzene
gc-ms 2 gc-ms 3
(Porapak Q) (Porapak P)
gc-ms 5 
(extended time)
carbon dioxide hydrogen sulphide carbon dioxide
hydrogen sul- methanethiol —
phide
water
methanethiol
benzene
dimethyl sulphide
chloroform
benzene
toluene
chloroform
benzene
toluene
gc-ms 6 
(heated apparatus)
water, carbon dioxide 
and propane
ethanal
benzene
toluene
- gc-ms 10 4-11 gc-ms 12 . •
(centrifuged slurry) (wider transfer line)
water and carbon —
dioxide
water
methanethiol • 
dimethyl sulphide
benzene 4- carbon 
tetrachloride
Iodomethane
benzene 4- carbon 
tetrachloride
toluene
. gc-ms 13 
(centrifuged slurry 
at elevated temper­
ature)
gc-ms 14 
(untreated slurry)
gc-ms 15 
(treated slurry)
carbon dioxide 
water methanethiol
water
n~propane
gc-ms 13 
(centrifuged slurry 
at elevated temper­
ature)
formamide
methanol
ethanal
methanethiol 
ethanol .
acetone 4- 2-propanol
2-butanone
benzene 4- carbon 
tetrachloride
dimethyldisulphide
octamethylcyclo-
tetrasiloxane
gc-ms. 14 
(.untreated slurry)
ethanol
dimethyl sulphide
benzene 4- carbon 
tetrachloride
o ct amet hy leyclot e • 
trasiloxane
gc-ms 15 
(treated slurry)
methanol
ethanal
methanethiol
ethanol
acetone 4- dimethyl 
sulphide
2-methylpropanal
2-butanone 4- chloroform
benzene 4- 3-methyl- 
butanal
octamethylcyclotetra- 
siloxane 4- toluene
13*1 gc-ms of faecal volatiles on Apiezon L
Sample - treated faeces (1?) stored at 25° for 1 month.
Trapping conditions' - 3 hrs at a flowrate of ~(0 ml/min.
gc conditions - see page 104
separator temperature - 50°
line temperature — 250°
split ratio -1:1
Spectra were obtained from five of the six well separated peaks 
(Fig. 38).. The spectrum in each case being scanned when the t.i.m. 
indicated the peak maximum. Unfortunately, spectrum 5 was obscured 
by interference from high molecular weight material and interpretation 
was not possible.
The presence of m.s. background, column bleed and peak overlap 
made peak analysis very difficult. The spectra were, therefore, 
arranged in order on a large board so that trends could be easily seen 
and the spectra extracted. In the following description, where two 
spectra of equal merit were obtained, no description of the second will 
be given.
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Fig ,38. GC-MS of faecal voiatiles using Apiezon L
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Spectrum 1 (Pig# 39) had. its base peak at m/e 83 and the ratios
100(P+2) and 100(P+4) indicated a dichlorinated species 
P P
Theoretical ratio ($0)(241) Experimental ratio (%)
■ m/e 83 100 100
m/e 85 62.5 65.3
nr/e 87 10.6 10.6
m/e 83 must, therefore, be due to CHC1 +. m/e 47 corresponds to the 
loss of HC1 from CHOl^ (P+2 *= 32/ P corresponding to monochlorination) 
and m/e 48 (P+2 = 32.6/ P corresponding to monochlorination) results 
from loss of Cl from m/e 83* The spectrum was, therefore, due to 
chloroform which-has a very weak parent peak signal (m/e 118). 
Comparison with "ten peak tables" (242) and a spectrum of the authentic 
compound was good:—
Pound d/  e 83 85 47 48 41 49 44 35 43 87
1000 625 365 145 116 116 114 110 110 106
"10 peak tables" 83 85 47 35 48 49 87 37 50 82
1000 636 351 186 160 122 95 58 51 38
authentic compound 83 85 47 48 35 49 87 50 82 37
1000 735 398 174 153 133 112 61 57 53
In spectrum 2 (Pig. 40 ) major peaks occurred at m/e 97* 91 an& 65j 
the first two indicating a two component mixture, m/e 98 and 92 were 
considered to be the respective parent peaks indicating both compounds 
to be aromatic or cyclic. The remaining spectrum was too weak "to be 
distinguished from background. The peaks at m/e 91 and 92 are 
characteristic of toluene, the base peak, being due to the formation of 
the tropylium ion (241)?~
Pig. 41 The Tropylium ion
m/e 9!
m/e 65 was due to elimination of a neutral acetylene molecule from 
the tropylium ion: —
0'  \  CH^CH r Y V i)  > ( £ 2 )
m/e 65
Reasonable agreement was obtained with a reference spectrum:—
Pound m/e 91 92 65 63 51 50 93 70 69 71
1000 740 120 80 80 60 50 50 50 40
” 10 peak tables" 91 92 39 65 51 63. 90 50 27 38
1000 785 206 138 107 101 91 71 60 57
The peak cluster at m/e 97 showed good agreement with methylthiophene 
although the spectrum was insufficiently clear to assign the position 
of substitution:-
Found ii/e 97 98 99 100
1000 508 56 20
10 peak tables 1000 532 73 -
( 3~meth.ylthioph.Gne)
10 peak tables 1000 547 76 -
(2-methylthiophehe)
The presence of a single sulphur atom was confirmed by the ratio
100(p~i-2) ~ 4.00/ P (natural abundance of = 4*4/ (241)) • Thiophene 
P
is the pseudoarornatic analogue of toluene and its gas chromatographic 
behaviour is similar. The value, of I®T^ qjj for toluene (2.78) .under
standard conditions was similar to that of 3~methylthicphene (2.79)®
The compound responsible for spectrum 3 (Fig« 42) had an 
unexpectedly high molecular weight which was estimated to be 267, 
supported by a doubly charged fragment at m/e 133*5• The high abundance 
of P+1, P+2 and P+3 suggested that the compound contained silicon 
(relative abundances of ^Si and ^Si are 5«10 and 3.35/° respectively 
(241))* The very intense parent cluster is typical of silicones ’whose 
source was probably the silicone grease used due to non-availability 
of Apiezon M.
Spectrum 4 (Eig. 43) contained major fragments at m/e 106, 9-1»
77, 65 and 51* m/e 91 is typical of compounds containing the benzyl 
group and was the base peak of the spectrum. This corresponded to 
the loss of CH^ (15 m.u.) from the parent ion (m/e 106) suggesting the 
spectrum to be due to ethylbenzene. m/e 77 (due to Ph**) is typical of 
aromatic compounds as is n/e 65. Comparison viith an authentic spectrum 
and "10 peak tables" (242) was good:-
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Found n/e 91 106 77 51 65 92 78 105 79 55
1000 316 111 110 108 89. 86 63 58 56
” 10 peak tables” m/ e 9.1 106 51 92 65 77 78 105 39 79
1000 330 105 86 85 .81 74 67 65 41
authentic sample m/e 91 106 65 39 51 77 78 92 50 105
1000 290 167 144 137 134 121 109 88 81
13.2 G-C-MS of faecal volatiles on Porapak Q
Despite heavy column bleed it was felt that the excellent separation 
given by this column would allow useful spectra to be obtained.
Operating conditions:- » • . '
These were identical to section 13.1 except that 
Trapping conditions - 2|f hr at 55 ml/min
Temperature programme - 'JO0 to 230° at lO°/min
No t.i.m. trace was obtained because of operational difficulties, 
the f.i.d. chromatogram is shown in Pig. 44*
Spectrum 1 (Fig. 45) showed carbon dioxide to be present though
agreement with reference spectra was poor due to high background. Carbon
dioxide does not give an f.i.d. response and this must have been due to 
undetected organic material.
Found n/e 44 45 4^
1000 46 18
” 10 peak tables” 1000 12 4
The compound responsible for spectrum 2 (Fig. 46) gave no f.i.d.
response. The spectrum agreed closely with that of hydrogen sulphide, 
the ratio was 4*2$ (natural abundance of = 4 *4/ (241))•
Found n/e 34 32 33 36 35
1000 514 472 49 28
” 10 peak tables” 1000 444 420 42 25
Spectrum 3 (Fig. 47) showed good agreement with that of water (no
f.i.d* response). The f.i.d. response was probably due to a small 
quantity of organic material eluting simultaneously.
Found rn/e 18 17 16 19 20
1000 258 30 11
” 10 peak tables” 1000 211 9 5 3
The parent peak (m/e 48) of spectrum 4 (Fig. 48) was too large to be 
an isotope peak in a low molecular weight compound. The P-f2 peak indicated 
a single sulphur atom, the ratio being 4 .8/ (natural abundance
of 4 .4/ (241))* The remaining molecule (m/e 16) was CH^ and the
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'spectrum was due to methanethiol. Good agreement with a reference 
spectrum was obtained:-
Pound rn/ e 47 48 45 44* 46 49 41 39 43 50
1000 875 500 271 109 •94 94 68 52 47
” 10 peak tables” m/e 47 48 . 45 46. 15 44 33 32 49 14
1000 775 567 130 113 96 66 63 58 48
(* unusually high due to background contribution)
Spectra 5 and 6 were almost identical having major peaks at m/e 132, 
131» 117» 115 and 91* However, spectrum 5 showed a larger peak at in/e 18 
indicating the presence of benzene. Comparison of these spectra with 
reference material showed them to be due to column bleed. Mass spectra 
of several, typical, column degradation products are listed in Table 32.
Table 32 Typical column degradation products
Spectra 5 and 6 m/e 117 132 115 91 131 105
1000 392 353 275 235 176
3-ethylstyrene m/e 117 132 .118 115 91 116
1000 394 361 273 202 73
2-allyltoluene m/e 117 132 115 91 131 105
1000 615 274 217 187 120
2 ,6-dimethylstyrene m/e 117 132 115 131 91 116
1000 934 387 296 246 166
4-ethylstyrene m/e 117 132 115 91 118 77
1000 458 160 119 103 65
13.3 GG-MS of faecal volatiles using rd 0 1dc P
Porapak P is very similar in composition to Porapak Q except that 
it is a polystyrene compared with a polyethylvinylbenzene (243) and was 
chosen because of its lower retentivity which allowed operation at a lower' 
temperature, reducing column bleed to acceptable levels. A test column 
(1.8 m x 3 mm) was prepared and its bleed characteristics were Hound to be 
almost identical to those of Porapak Q. A test mixture (equal weights of 
methanol, chloroform, benzene, toluene, ethylbenzene and 3-methylthiophene) 
showed that an identical elution pattern could be obtained with a maximum 
programme temperature of 180°. It was found, also, that temperatures in 
excess of 200° caused column degradation, indicated by a. pattern of peaks 
on repeated programming of the column to above this value. The maximum 
operating temperature was, therefore, fixed at 200°.
The column was packed in the normal way using vacuum and vibration.
A length of glass tubing (15 cm x 6 mm) was attached to the front of 
the column and filled with packing material and a pressure of 20 p.s.i. 
used with further vibration to ensure uniform packing. The column was 
then purged for 2 hours at 250° and overnight at 200°.
13o4 GC-MS run number 3
A sample of treated faecal slurry (l/), fermented for 14 days at 
25° was precolumn trapped under standard conditions for 2 hours. When 
examined by gc-ms several well resolved peaks were detected by both
f.i.d. and t.i.m. detectors. This is illustrated by Pig. 49®
13•4 o1 Conditions
These were identical to those listed in section 13.1 except as 
follows:-
Column - Porapak P (80-100 mesh)
Trapping conditions - 1 hour at 120 ml/min 
Temperature programme - 75° to 180° at 10°/min 
13*4*2 Results
Spectra 1 and 2 indicated the presence of large quantities of • 
hydrogen sulphide and methanethiol respectively (see section 13•2) •
Spectrum 3 was dominated by two, approximately equal, peaks at m/e 62 
and 47 respectively. The ratio suggested a single sulphur*
atom though a little high (6.2/). The first mass loss (15 m.u.) indicated 
the presence of. a methyl group. This evidence combined with molecular 
weight (62) and retention time suggested the spectrum to be due to 
ethanethiol or dimethyl sulphide. Comparison with reference material gave 
good agreement for the latter:-
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1000 933 581 390 300 295 295 276 210 148
” 10 peak tables n/e 47 62 45 46 35 61 27 15 14 44
(dimethyl sulphide) 1000 833 590 341 ' 330 311 203 185 99 62
"10 peak tables" m/ e 62 29 47 27 28 45 34 26 61 46
(ethanethiol) 1000 895 798 796 386 252 235 224 160 147
Authentic dimethyl 
sulphide
ir/e ■ 47 62 45 46 61 35 27 15 44 14
1000 959 579 391 345 274 223 132 102 61
Authentic ethanethiol m/e 62 29 27 47 28* 45 26 34 61 46
1000 989 868 791 462 264 242 203 176 148
Spectrum 4 gave a very strong indication of chloroform (see section 
13.1) .
Spectrum 5 (Fig. 50) was very intense having major fragments at 
m/e 78, 52 and 39* TThe ratio _ 6,837/P suggested a molecular
formula of (theoretical value = 6.58 (241)) and the fragmentation
pattern was typical of benzene. Agreement with reference spectra was good:-
Pound 11/e 78 52 51 50 77 39 76 79 74 38
1000 205 205 183 162 128 65 64 55 49
" 10 peak tables" m/e 78 52 51 50 77 39 79 76 .38 74
1000 194 186 157 144 142 64 60 58 46
authentic spectrum m/e 78 51 52 77 50 39 79 76 74 63
1000 178 171 169 157 96 64 50 50 39
Spectrum 6 (Fig. 51) w&s &ue to toluene and was stronger than that 
obtained previously (see section 13.1). A peak at m/e 39j due to 
was present which is typical of aromatic systems. It was also possible to 
calculate the ratio (7«9l/P) the spectrum which suggested a
molecular formula of (theoretical value = 7*69/ (241))• Agreement
with a reference spectrum was much-better than previously obtained:-
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Pound ri/e 91 92 39 65 51 63 90 50 44 41
1000 661 181 135 135 111 103 103 103 85
” 10 peak tables'* m/e 91 92 39 65 51 63 90 50 45 93
1000 756 187 131 96 87 80 60 53 52
13*5 Sample refrigeration
A disadvantage of faecal slurry was the rapidity with which the head­
space composition changed with time. This, combined with the length of
the trapping procedure, made it impossible to predict the chromatogram
0
from a given sample. To overcome this samples were stored at 0 after a 
fermentation period.
To test the effectiveness of this treatment the following experiment 
Was carried out. Two identical samples of treated (1/) slurry-were 
prepared and allowed to ferment for five days at 25°. One sample was
analysed immediately using the precolumn method, the other was analysed
after 14 days at 0°G. Both chromatograms were identical showing that low 
temperature storage halts all reaction within the slurry. Using this 
technique it was possible to obtain specimen chromatograms giving some 
forewarning in gc-ms. Before analysis chilled samples were hea ted (25°) 
in a water, bath for 30 minutes.
13.6 GC-MS run number 4
GC-MS run 3 gave good spectra of several faecal volatiles namely hydrogen 
sulphide, methanethiol, dimethyl sulphide, chloroform, benzene and toluene.
It was not possible to obtain spectra from compounds having intermediate 
retention times or those of only moderate size. Run 4 was carried out 
using different operating conditions in an attempt to examine these.
13.6.1 Modification to conditions
Only conditions different to those on pagelG4are listed:-
Initial column temperature - 'JO0 (held for 5 mins)
Programme rate - 5°/min
Final temperature - 180° (held at 150° for 5 mins)
Line temperature - 4200°
The programme rate was reduced.to 5°/min in order to achieve better 
separation and the temperature, was held for 5 minutes at 10° f to increase 
the separation of intermediate compounds from early peaks, and at 150° 
to give better separation of the former* The line temperature was reduced 
to increase throughput and the separator temperature was increased to 
150°* The reason was that the trapped samples contained moderate amounts 
of water which, it was feared, would render the membrane inoperative 
if its temperature were too low.
13*6*2 Results
Whilst an improved f.i.d. chromatogram was obtained it was found that 
insufficient sample was reaching the mass spectrometer to give an adequate 
spectrum.of anything except benzene.
13*7 GC-MS run number 5
To incies.se sample size the collection period was extended from one 
to two hours and .the nitrogen flow rate during this period increased to 
150 ml/min. This resulted in increased sample size and seven spectra were 
run. However, only numbers 1, 5» 6 an& 7 showed anything other than 
background, these being excellent spectra, of carbon dioxide, chloroform, 
benzene and toluene respectively.
13.8 GC-MS number 6
To increase sample size further a modified apparatus was employed 
which allowed the use of above ambient temperatures. The main vessel 
of the apparatus described in section 9*3*6 was fitted with a. water 
jacket covering its whole length.
Water at 70° was circulated through this by means of a peristaltic 
pump delivering 1l/min and the whole apparatus was lagged with aluminium 
foil to prevent heat loss. Samples of slurry were placed, cold, in the
cipjjarr.iou.t3 uom iB U 'teu  to  one w n x x e a  cuxurnn* waxni wax ex’ was x n e n  a x x u w e a
to circulate for 30 minutes before starting the nitrogen flow which was
«
continued for 2 hours. This had the advantage that less volatiles were 
lost during cold transfer of slurry-to the apparatus.' The disadvantage 
of the method Was the stable foam produced by the heated slurry which 
prevented use of high nitrogen flow rates. .
To prevent blockage or channelling of the calcium chloride tube by 
the increased quantities of water vapour generated by the heated system 
a longer column of desiccant (10 cm) was used. The particle size of the 
calcium chloride was varied from coarse to fine along its length.
13.8.1 Results *
A very good chromatogram was obtained from both f.i.d. and t.i.rn. 
detectors. As expected, tenfold increases were obtained for the less 
volatile components of the chromatogram, five mass spectra were obtained.
Spectrum 1 (Fig. 52) indicated the presence of water (m/e 19, 18,
17 and 16). The major portion of the doublet at m/e 44 was mass deficient 
and indicated carbon dioxide (molecular weight = 43.9898). Major peaks 
at m/e 29t 27j 39t 41 and 26 were indicative of n-propane. This was 
supported by an enlarged, mass excessive, portion of the doublet at in/e 
40 (not illustrated), the molecular weight of is 44*0626.
Spectrum 2 (Fig. 53). contained major fragments at m/e 44 and 29 ana 
when background was subtracted the latter was found to be the base peak. 
Loss of 15 mass units suggested the presence of a methyl group in the 
molecule and agreement was obtained with both reference and authentic 
spectra of ethanal. This was supported by the presence at m/e 16 of a 
mass excessive doublet peak, also given by an authentic specimen of 
ethanal which was not present in the background spectrum (molecular 
weight of ethanal = 42.0262).
Found u/e 29 15 43 4-2 26 27 41 40 25 13
1000* 343 275 114 107 76 61 61 53 46
” 10 peak tables” m/e 29 44 43 15 42 41 28 27 45 30
1000 750 420 320 120 50 40 30 20 10
authentic spectrum 
m/ e 29 44 15 43 14 26 42 27 25 16
1000 404 375 253 142 111 9b 61 56 . 47
* Calculated using m/e 29 as base peak because of background contribution 
at m/e 44*
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Spectrum 5 snowed, only background due to lnsuxi icienr sample concen­
tration* Spectra, 4 and 5 were good spectra of benzene (see section 13*4*2) 
and toluene (see section 13*l) respectively*
13*8,2 The use of low membrane temperatures
The temperature of the membrane should be approximately 50° below 
the boiling point of the compound under investigation and explains the 
good results for chloroform, benzene, toluene and ethylbenzene. With 
compounds of low molecular weight it is difficult to satisfy this require­
ment (b.pt. of methanethiol is -6°)* Moreover the membrane temperature 
should be approximately 20° below that of the column. When temperature 
programming is used a compromise value must be sought whiph explains 
why higher boiling materials were detected more easily with a higher 
membrane temperature.
13*8*3 Modification to transfer line
The internal diameter of the transfer line (6 mm) was, at this stage, 
changed to 1 mm. It was felt that the lower transfer efficiency would be 
compensated for by decreased.wall adsorption.
13*9 GC-MS run numbers 7< 8 and 9
Run numbers 7 and 8 were identical to number 6 except that the jacket 
temperature was reduced to 50° and the size of the faecal sample doubled 
to increase the concentration of compounds with intermediate volatility.
No usable spectra were obtained from either run.
It was suspected that sample was being lost through premature 
condensation of volatiles in the g.c* column (see section 12*3*4)• A 
high temperature gradient was maintained in run no. 9 by wrapping-the 
column with thin p.v.c. tubing through which steam was passed (see Pig. 54)*
Fig.54.
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During transfer to the g.c.-nus. a small block of solid carbon 
dioxide (drilled 6 mm) was placed over the front of the column to 
prevent escape of volatiles. This was removed immediately before the 
column was placed in the oven. This increased the sample size by a 
factor of two . in run 9 an& allowed a spectrum of benzene to be obtained. 
13.10 The use of a centrifuged slurry (g.c.-m.s. 10 and 11)
GC-MS 10 and 11 were carried out under identical conditions. The 
high'background spectrum in number 10 making a second run necessary 
after baking the m.s. for 3 hours.
• During previous runs it was noticed that the nitrogen gas ascended 
the flushing apparatus in a channelled manner. This was caused by the 
high fibre content of the slurry and made extraction inefficient. For 
this reason the slurry was centrifuged before use (1500 r.p.rn. for 15 
minutes).
The supernatants were combined, placed in the apparatus, and an 
equal volume of distilled water (100 ml)'added to each residue. The 
mixture was thoroughly stirred, recentrifuged, and the supernatants added 
to the apparatus. The volatiles from these samples were then precolumn 
trapped in the usual way. Very efficient gas dispersion'was obtained 
and when examined by g.c.-m.s. the trapped samples gave rise to strong 
chromatograms though some loss of gaseous material occurred.
13*10.1 Conditions
For conditions see section 13.1
Temperature programme — 70° to 90° at 10°/min
Membrane temperature - 100°
Line temperature - 100°
13.10.2 GC-MS run number 10
GC-MS 10 gave rise to five mass spectra the first four being due 
to water and carbon dioxide, water, methanethiol (see section 13.2) 
and dimethyl sulphide (see section 13.4) respectively.
Spectrum 5 contained major fragments at m/e 1171 82, 78, 51 a-n -^ 47 
'which suggested two superimposed spectra, m/e 78, 52, 51 cncl 50 were 
due to benzene (see section 13.4). m/° *^7 deduced to be the base 
peak of the second compound. The values for an(j ,1Q.Q^Z£4.)
(100/ P  and 31.41/ P respectively) suggested the presence of a tri­
chlorinated species (theoretical values 99*8/ and 31.9/ respectively (241))
Iiy I I I "WW J UUVi \/XVX vj uv 3 *ViAWOt5 |;cu Ciiu VUllipv/ UU.JIIX. V¥
The parent peak of carbon tetrachloride is very smail. m/ e 82 and 47 
were due to CCl^ "1" and CCl*" respectively. Ratios '-IQSlEiil an£ 122ilil4l
for n/e 82 were 66,6'J^ /oF and 10.87/ P respectively (theoretical value 
65*3/ P and 10.6/ P respectively (241)) * Agreement with reference 
spectra was good when the complexity of the spectrum is considered:- 
Found n/e 117 119 47 82 121 35 84 49
1000 1000 332 330 314- 232 196 152
eight peak tables (244) rn/e • 117 119 47 35 82 121 84 49
1000 96O 480 440 300 300 190 150
The results of g.c.-m.s. 11 were identical except that carbon 
tetrachloride was not obscured by the presence of benzene.
18®11 GC-MS run number 12
By this stage the wider transfer line had been replaced. This run 
was performed using centrifuged, treated (1 fo) faecal slurry (400 g).
Five mass spectra were taken though only the last three could be inter­
preted.
Spectrum 3 contained two major peaks at m/e 142 and 127 which 
suggested the presence of methyl iodide. However, agreement with a 
reference spectrum and that of an authentic specimen was poor:—
Found m/e 142 127 141 128
1000 923 308 154
”10 peak tables” m/e 142 127 141 15 139 140 128 63 14 13
1000 378 141 128 45 39 27 15 9 8
authentic compound m/e 142 127 141 139 128 14 15 143
1000 844 118 69 63 60 28 16 •
This rather unexpected compound was confirmed by duplication of
g.c.-m.s. 12 followed by injection of methyl iodide (0.1 under
identical conditions and a mass spectrum run. Agreement between the
three retention times was good as was that between the mass spectra.
R/T (mins)
g.c.-m.s. 12 (.peak 3) 11.45
duplicated faecal sample 11.56
authentic methyl iodide 11.63
Spectra 4 and 5 were found-to be due to carbon tetrachloride plus 
benzene (see section 13.10.2) and toluene (see section 13.1) respectively.
13.12 GC-MS run number 13
Both centrifugation and elevated temperature were found, separately, 
to increase sample sizes. GG-HS 13 was, therefore, carried out using 
both in an effort to increase sample size further. The procedure described 
in section 13*8 was followed, however, .lagging was found unnecessary as 
was cooling the upper sides of the vessel thus allowing better observation 
of the tube contents. Prewarming of the sample was also unnecessary and 
the temperature was allowed to increase gradually during the run (30 mins). 
The ’dead volume’ of the apparatus was kept to a minimum by use of a
short connection between the vessel and drying tube and filling the former
as much as possible. For sample trapping a flow rate of 100 ml/min 
was used for a period of six hours.
When hot a very stable foam formed in the vessel headspace which 
severely restricted the flow rate. To overcome this a 5/® solution of 
antifoam agent (2 ml) (Hopkins and Williams) was added to the slurry
allowing the full flow rate to be utilised. A very good f.i.d. and t.i.m.
chromatogram was obtained from this sample (Fig. 55) and fifteen mass 
spectra were obtained.
Spectrum 10 could not be interpreted due to high background.
Spectra 1, 2 and 3 were due to carbon dioxide and water, the last 
two also having a significant response at m/e 45*
In spectrum 4 (Fig. 5^) response at m/e 45 was a maximum, 
peaks were also present at m/e 43, 31, 29 and 27. This suggested the 
presence of formamide which has no f.i.d. response. There was some 
agreement with a reference spectrum
Found* m/e 45 29 31 27 28 43 44 ■ 3
1000 247 243 183 127 106 103
eight peak tables (244) m/e 45 29 44 43 27 28 42 31
1000 280 270 120 120 100 20 10
* These values were obtained by subtraction of the background spectrum.
Spectrum 5 (Fig. 57) contained peaks at m/e 32, 31, 30, 29 and 28.
A large peak at m/e31 was diagnostic of a primary alcohol and the spectrum 
compared well with that of methanol after background subtraction, m/e 31 
was due to CHgOH1", m/e 30 to CH0* and m/e 29 to CO*-. The identification 
was. supported by the presence of a mass excessive doublet at in/e 32 
(0 = 31.9898 and MeOH = 32.0262).
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Found ir/ e 31 29 32 28 30
1000 634 475 180 175
"10 peak tables" m/e 31 32 29 28 30 33 27
1000 717 421 90 78 11 05
authentic spectrum m/e 31 32 29 .15 30
1000 634 611 273 80
Spectrum 6 was due to ethanal and gave better1 agreement with
reference material than previously (g.c .-rn.s.6)
Found n/e 29 44 15 43 26 27 25 41
1000 320 209 203 151 140 76 29
"10 peak tables" m/e 29 44 43 15 42 41 28 27 45 30
1000 750 420 320 120 50 40 30 20 10
authentic spectrum m/e 29 44 15 43 14 26 42 27 25 16
1000 404 375 253 142 111 98 61 56 47
Spectrum 7 was a strong response to methanethiol (see section 13.2).
Spectrum 8 (Pig. 58) contained fragments at m/e 45, 31, 29, 27 and 
26, a small peak at m/e 46 being the parent, m/e 31 (base peak) suggested
a primary alcohol and corresponded to the loss of CEL from the parent.
/ +The spectrum was, therefore, due to ethanol, m/e 31 being due to CH^OH *
Comparison with a reference spectrum was poor due to overlap from proceeding 
and 'following peaks:-
Found m/e rr/e 45 31 29 27 48 26
1000 860 509 368 114 114
”10 peak tables" m/e 31 45 29 27 46 43 28 30 42 • 19
1000 349 272 242 153 82 70 63 33 23
authentic compound m/e 31 45 28 27 46 29 43 28 15 30
1000 456 240 228 223 190 103 78 73 56
Spectrum 9 (Fig* 59) contained major fragments at m/e 58, 45, 43,
31, 29, 27 and 15* m/e 43 was the base peak of the spectrum and is typical 
of aliphatic ketones, resulting from cleavage of the C-C bond adjacent 
to the oxygen atom. This and the peaks at m/e 58 and 15 indicated the 
presence of acetone. Efowever, m/e 45, 27, 29-and 31 were all too large 
to be derived from this compound and suggested the additional presence of 
2~propanol. The retention times of these compounds on Porapak columns 
are very close (acetone =1.92, 2~propanol = 1*96). Unfortunately, the 
spectrum was too complicated for comparison with those of authentic 
materials.
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at m/e 72, 57, 43, 29, 27 and 15® m/e 43 was the base peak and was of
sufficient magnitude to suggest an aliphatic ketone# m/e 57 and 43
resulted from the respective loss of CIL and CJEL from the parent. This
3 2 5
suggested that the compound was 2-butanone as the base peak of unsym- 
metrical ketones usually results from loss of the larger substituent. 
Agreement with a reference spectrum was good considering that extensive 
background subtractions were necessary.
Pound m/ e 43 27 29 72 15 26 . 42 39 45 57
1000 286 239 127 124 120 114 88 84 73
J 43 29 72. 27 57 , 42 26 28 44 39
1000 236 161 153 63 51 50 28 25 22
i/e 43 29 72 27 15 73 57 42 26
1000 220 192 148 100 79 93 60 48
Spectrum 12 was due to the superimposed spectra of benzene and carbon 
tetrachloride.
Spectrum 13 (Fig* 61) contained major fragments at m/e 94, 79, 64,
45 15® It was not possible to measure isotope peaks on any of these
fragments, m/e 79 was due to loss of from m/e 94 and. m/e 64 to the
same loss from m/e 79® Due -to the weakness of the spectrum no further 
interpretations were possible. However, the position of elution combined 
with the molecular weight suggested that this compound was dimethyl 
disulphide although agreement with a reference spectrum was poor. This 
identification was supported by mass deficient peaks at m/e 94, 79, 64 and 
45 (S = 31.9720).
Spectrum 14 (Pig. 62) showed a compound of unexpectedly high molecular 
wenght# Due to its large size it was possible to obtain spectra from the 
leading edge and top of the g.c. peak to check its homogeneity. It was 
also possible to obtain a scale expanded mass spectrum which could be 
counted accurately.
The spectrum contained major peaks at m/e 281, 265, 249, 207, 193,
179, 163, 147, 133, 119, 109, 73 and 87® The very large isotope peaks 
(P-M = 27*8/, P+2 *= 1 7 ® 4 and P+3 = 3®6/) indicated that silicon was 
present (relative abundances being 2^Si = 92* 17» = 4.71 and ^ S i  = 3® 12
(245))® II allowance is made for heavy isotopes in the remainder of the 
molecule these figures suggest the presence of four silicon atoms. This 
suggested that this compound was an artefact from the antifoam agent.
Biemann (199) reports the occurrence of cyclic siloxanes resulting from 
silicone grease and silicone g.c. stationary phases that have the following 
general formula:-
ww
>»
 
•»3
«o
Fig . 60 . Spectrum II
100
2-BXJTANON'E(M/W=7 2 . l l )
80
CH
804o 6010 20 30 50 70
tn /o
Fig . 61 . Spectrum 13
CH_S100
CHS DIHETHYLDISULPHIDE(M/W=94.2 0 )
CH, CH P-15
70
P-30
50
20
60ko 8050 100 11070 9010 20 30
r >Tp?rTcjt5!W!niw5rr7^?*w
Fig, 62 . Spectrum l<4
O 
r  ci
m/e 281 was, therefore, due to the facile loss of CH^ from octamethyl— 
cyclotetrasiloxane (n =2).
A mass spectrum of silicone antifoam obtained by probe injection 
showed exactly the same pattern as spectrum 14 as well as major peaks at 
m/e 355* 429» 503, 577> 651, 725 and 799 corresponding to n » 3, 4*■5»
7, 8 and 9 respectively (246). Evidently only the most volatile antifoam 
constituent was removed by precolumn trapping*
This heavy contamination only obscured the part of the chromatogram 
already exhaustively explored. The large sample increase obtained at 
elevated temperatures was more than enough to justify its use.
13.13 GC-MS run number 14
GC-MS 14 and 15 were carried out to compare treated and untreated 
slurries. The samples were not centrifuged and the conditions, where 
different to section 13.1 are listed as follows:-
Trapping conditions - 6 hours at 100 ml/rnin (70°)
Temperature programme - 50° to 180° at 1 0% d n  ( 5  m in initial delay)
Helium flow rate ( g .c . )  -  54,5 ml/min
Flow to m.s. - 28.5 ml/min
Flow to f.i.d. — 24*0 ml/min
Transfer line temperature - 150°
Membrane temperature - 100°
GC-MS 14 gave rise to five strong peaks with both f.i.d. and t.i.m. 
detectors (Fig. 63) and six mass spectra were obtained. Peak 1 was, 
however, uninterpretable due to peak overlap.
Spectrum 2 was an intense spectrum of methanethiol (see section 13.2). 
Spectrum 3 could not be interpreted with certainty though the presence of
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a psak at m/e 31? together with the retention time, suggested the 
presence, of ethanol.
Spectrum 4 was an intense spectrum of dimethyl sulphide (see section 
13*4*2) and spectrum 3 indicated the presence of both benzene and carbon 
tetrachloride (see section 13•10)• Spectrum 6 showed only an intense 
response to octamethylcyclotetrasiloxane (see 'section'13*12).
GC-MS 14 was the only run during which odour compounds (thiols and 
sulphides) could be smelt at a considerable distance as they issued from 
the separator. - .
13,14 GC-MS run number 13
Two runs were carried out because of high background in the first. 
Identical results were obtained except that the first run indicated carbon 
tetrachloride in peak 11 which may have been due to a slightly different 
peak scan. As the results were very similar only the second run will be 
discussed.
Between the two runs the apparatus was not washed out and only the 
calcium chloride trap was renewed resulting in an approximate doubling of 
the sample. This was probably due to presaturated apparatus surfaces.
Very good chromatograms were obtained from both f.i.d. and t.i.m. detectors
(Fig. 64).
Spectrum 1 indicated the presence of a large quantity of water 
vapour.
Spectrum 2 (Fig. 63) possessed major fragments at m/e 44a 29 (base
> 1 00 (lr-*-1 )
peak) and a smaller fragment at ny'e 13• The ratio — _ 3.21
suggested three empirical formulae (24l)i~
(a) C ^ O  (2.26)
(b) c2h6h2 (2.64)
(c) cyi8 (3.37)
Formula (b) was discounted by the nitrogen rule (24l). n/e 44? 40 
end 30 were all mass excessive though this applies to both (a) and (c):-
CoH.0 = 44*0262 
£ 4
C,Hn = 44.0626 3 0
C02 = 43.9898
Comparison of spectrum 2 with ri 10 peak tables", however, gave much
better agreement for n-propane. The peaks at ir/e 29 and 13 being due to
the respective loss of OIL.4' and C H_+ from C-H, :
3 2 3 3 d*
Fig 64  GC-MS 15
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Found n/e 29 * 27 -i-4 39 43 41 30 42 O S'xo
1 000 * ’ 439 342 336 326 303 268 130 102
"10 peak tables" i/e . 29 28 27 44 43 39. 41 26 15; 42
1000 587- 419 274 231 189 134 91 72 60
* n/e 28.not included due to very high background.
Spectrum 3 indicated the continuously increasing water concentration 
in the early chromatogram.
Spectrum 4 (Fig* 66) was a very strong response to methanol (see 
section 13*12) giving better agreement with a reference spectrum than 
previously:- ' ■ ' *
Found ..n/e 31 32 29 30 33
1 000 708 639 96 11
"10 peak tables" n/e 31 32 29 28 30 33
1 000 717 421 90 ' 78 11
Authentic compound 11/ e 31 32 29 15 30- 14
1000 634 611 273 80 46
* m/e 28 omitted due to high background contribution.
Spectrum 3 (fig* 67) was a very good spectrum of ethanal (see 
section 13*8) and gave much better agreement with reference spectra than 
obtained previously:-
Found n/e 29 44 43 13 48 26 * 27 41* 23
1000 637 424 241 166 88 * ■ ■ 69 ■ 64 39
"10 peak tables" m/e 29 44 43 13 42 41 28 27 43 30
1000 750 420 320 120 50 40 30 20 10
* n/e 28 omitted due to high.background contribution.
Spectrum 6 showed excellent agreement with a reference spectrum of
methanethiol: -
Found 1/  e 47 48 43 46 13 * 33 * 49 *
• 1000 824 379 149 168 # 40 * 63 *
"10 peak tables" n/e 47 48 43 46 13 44 33 32 ;<49 14
1000 773 567 130 113 96 66 63 38 48
* omitted due to high background contribution.
Spectrum 7 (Fig. 68) was a much more easily interpreted spectrum of 
ethanol than obtained previously giving excellent agreement with reference 
spectra:- •
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found rr/e 31 43 27 29 46 43 13 26 .30
1000 331 164 230 247 >;< 103 62 78 33
1110 peak tables" n/e 31 43 27 29 46 28 43 13 26 30
1000 431 194 187 180 102 83 64 62 36
Authentic compound it/ e  31 ‘ 43 28 27 46 29 43 26 13 30
1000 436 240 228 223 190’ 103 78 73 30
* Not recorded due to high background.
Spectrum 8 (Nig. 69) consisted of the superimposed patterns due to 
acetone (see section 13.12) and dimethyl sulphide (see section 13*4) 
though agreement with reference spectra was poor due to the complexity 
of the mass spectrum.
Spectrum 9 (Nig. 70) contained major fragments at n/e 72, 60, 435 
41 j 29 and 13* The ratio — _ 4 .32/0 suggested that the molecular 
formula was one of the following:-
(a) C3H8N2 (4.13)
(b) CgigO (4.49)
(o) C4H10M (4 .86)
formula (c) was discounted on the basis of the nitrogen rule and 
(b) selected because of.the difficulty encountered with the elution of 
nitrogen compounds from metal columns.
This suggested that the oxygen was present in a carbonyl group, the 
base peak (n/e 43) results from the loss of 29 m.u. and is typical of the 
behaviour of aliphatic aldehydes (loss of IIC0+) . The 'spectrum was therefci 
due to either:-
(a) CfijCHgCHgCHO
(b) (CH )2CHCH0
1-butanal has a large peak at n/e 37 resulting from loss of CH^+.
The absence of this peak in spectrum 9 indicated that it v/as due to
2-methylpropanal. This agreed well with the retention time of this com­
pound on Porapak columns and good agreement with a reference spectrum 
v/as obtained:-
found n/e 43 41 72 27 29 33 42 * * 37
1000 837 397 346 233 373 134 * * 10
"10 peak tables" n/e 43 41 72 27 29 39 ‘42 28 44 ' 37
1000 660 330 390 230 160 80 80 40 30
* Not . recorded due to high background contribution.
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Peaks at ir/e 60 and 59 suggested the presence of 1-propanol which
has approximately the same retention time. This could possibly explain
tbe larger than normal peaks at ir/e 41 , 39, 29 and 27. However, the
spectrum- was too complex for any positive identification of tints compound,
Spectrum 10 (Fig. 71') wa-s a very strong spectrum of 2-butanone and
a weaker response to chloroform. The values of liKT,, • T of these compoundsweOii
on.Porapak Q are identical (2.46) . Agreement with reference spectra of
2-butanone was good:-
Found ir/e . 43 29 72 27 57 42 26 * 39
1000 191 192 170 78 74 46 & 6.4
"10 peak tablesn rr/e 43 29 72 27 57 42 26 28 44 39
1000 236 161 153. - 51 50 28 25 22
Authentic compound ir/e 43 29 72 27 57 42 26 44 39
1000 220 192 148 73 60 48 24 29
* Not recorded due to high background contribution.
Spectrum 11 (Fig 72) was an intense spectrum of benzene but closer 
inspection revealed a further pattern. This had major peaks at rn/e 06,
73, 71 5 57, 43 and 41 , 1T/ Q 41 being the base peak. The presence of a 
large P~1 peak at n/e 85 suggested that the compound was an aliphatic 
aldehyde. This was supported by a first major mass loss of 29 m.u.
(CH0’!) to give rr/e 57* Consultation with previous HRT,;T ^  calculations 
(see sections 10.4 and 10.4.2) showed four compounds having approximately 
the some value as benzene (2.94)
(a) 1-pentanal m.w. = 86 (idlT = 3 *18)
ivieUii
(b) 3~methylbutanal m.w. = 86 (ibill, =.2.99)i'.ieuil
(c) 3-iriethyl-2-butanone m.w. = 86 (NPJT ^  = 2.96)
(d) 2-pentanone- m.w. = 86 (SHT^  ^  = 3»06)
10 peak tables (242) showed better agreement with 3~methylbutanal 
though agreement was poor due to the large background spectrum of benzene:-
Found m/ e 41 43 58 29 56 27 57 42
1000 598 377 649 226 661 494 * 197
!M0 peak tables" m/e 41 43/ 58 29 56 27 57 35 42
1000 868 539 530 149
VO—nT 446 352 210
* Not recorded due to high background contii bution.
The reference spectrum was adjusted to make the base peak in/e'41 
due to high background at rn/e 44.
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Spectrum 12 showed only the elution of octamethylcyclotetrasiloxane 
y/ith a weak contribution from to’luene.
13.15 Comparison of retention data
Although no internal standard of methanol was added to any of the
gc-ms samples it was detected in gc-ms 13, 14, 15a and 15b. This enabled
calculation of IdiT^^ and comparisons to be made. G-ood agreement (Table
32) was obtained for identification of compounds with similar IIRT,. ~TT  ^ keOh
vadues.
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CHAPTEK 14
The effect of ammonium persulphate on the development of volatile odour 
compounds
Evidence obtained from combined gc-ms, retention data and in some 
cases organoleptic evaluation led to reasonably reliable identification 
of most of the components of the chromatogram obtained by precolumn trapping 
(see Fig. 73)•
The manner in which these compounds vary with time and the effect of 
persulphate treatment was, therefore, studied. In all cases 1/o treatment 
was used in order that measurable effects could be obtained without completely 
preventing metabolic processes.
14•1 Multiple sample preparation
Difficulty v/as encountered because although free access of air v/as 
allowed samples were becoming anaerobic. Sample removal resulted in 
partial aeration causing erratic behaviour. To prevent this separate 
samples-were prepared (250 g). These all emulated the manure heap and 
became anaerobic end did not change appreciably before analysis. This 
gave better reproducibility and identical samples run consecutively gave 
the same chromatographic patterns. This allowed their study over periods 
of three months, the time interval between analyses being increased with 
time.
Several different causes of contamination and sample loss were present 
in the apparatus as originally unsigned and the work was twice repeated, 
each time after an improvement to the system, the results becoming more 
satisfactory. By series 3 all artefact sources had been removed and only 
the results of this experiment will be described.
14•2 Method
Well stiyred faecal slurry" (250 g) was placed in each of thirty two 
screw capped glass bottles (450 g) . These were prewarmed (to prevent 
cracking) and sterilised by steam (10 minutes). To half of these concen­
trated (42.5 6 iu 340 ml) aqueous persulphate solution (20 ml) v/as added 
and was immediately dispersed by- thorough stirring. This gave an initial 
molar persulphate concentration of 4*05 x 1 0 M (0.92670). To each of the 
other samples deionised water (20 ml) was added. The samples were then 
loosely capped and stor'ed at 25° until required for analysis by the 
usual precclumn method. A sample of untreated and treated slurry was 
analysed at each of the following time intervals: -
1 , 2, 3 , 4, 7; 9} 11; 14, 22, 2o, 42 and 60 days.
Identified faecal volatiles
INT STD
C H + Va CHO
EtOH 
MsSH \ 
CHCHd
BiTOH + CCI^ 
C,HcCOCH. +CHCI,
Mins
The peak heights ^attenuation correctea; aue co various oouipuuuus a.x-<s 
listed in Table 33*
As ejected from such a complex system many compounds follow no simple 
trend. However, some trends do occur, particular!;/ among some of the more 
odoriferously important compounds and these will be discussed later. Only 
those compounds identified by both mass spectrum and KRT value are 
included. • '
14.3 The action of an alternative oxidising agent and a non-oxidising 
antibacterial agent
Perdisulphuric acid may be regarded as a" substituted form of hydrogen 
peroxide (247):~
o o
ii ii
H -O -O —H HO— S— O—O — S— OH
& &
Hydrogen peroxide Perdi sulphuric acid
Therefore, ammonium persulphate might be expected- to liberate oxygen in 
aqueous solution, especially .under catalytic influence. This occurs very 
slowly and an explanation of the deodorant action of persulphate could be 
simple aerobiasis. To test this a series of runs were carried out in 
which an oxidising agent known not to oxidise water was substituted for 
persulphate. Potassium chlorate v/as chosen as the oxidising agent: it 
does not oxidise water and is not as toxic to bacteria as the heavy metals 
and their salts.
formaldehyde (as formalin solution) was chosen because of its well 
known antibacterial action and its mildly reducing properties. Addition 
of this solution to give of dissolved formaldehyde was made.
Persulphate treated and untreated slurries were run as blanks and the 
following changes noted:-
. (a) Change-in chromatographic pattern
(b) Odour (before and after shaking)
(c) Physical appearance (mould growth, colour, etc)
. (d) Volume increases accompanying fermentation
The observations were all made immediately preceding precolumn 
trapping.
'14*3*1 Procedure
Thirty-two glass screw cap jars (430 g) were sterilised and to each 
was added well stirred faecal slurry (250 g) . A portion (50 ml) of a 
solution of persulphate (20 g) in distilled water (400 ml) was ’well mixed
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with eight samples giving a concentration of 0,8j$> w/w (7*6 x 10 
equivalents/litre) •
The same procedure v/as followed using a solution containing potass- 
ium chlorate (4*3 g) an distilled water (400 ml) to treat a further
eight faecal samples giving a chlorate concentration of 0 . 1 w/w
~*2 / *(7 1 ' a 10 equivalents/litre).
To achieve a 1/o concentration of formaldehyde a solution of 
formalin? (60 mi) v/as diluted with distilled water (340 ml) and a portion 
(50 ml) added to a further eight faecal samples.
.The remaining solutions were left blank, distilled water (30 ml) 
being added to each. All samples were capped loosely and incubated at 
23° until required for analysis by precolumn trapping. This was carried 
out (one sample of each) at the following time intervals:- 1 day, 2 days,
3' days, 4 days, 8 days and ii days. .
14.3.2 Measurement of slurry pH
The pH of the medium has a marked effect on bacterial activity (66) 
and is a useful indication of its extent. This was, therefore, measured 
daily during the course of this experiment, four samples, one of each 
group, were prepared in the manner described using less faecal slurry 
(130 $)} a^d more distilled water (130 nil), in order to prepare a less 
viscous slurry. A highly viscous medium could impede ion migration and 
give erroneous measurements. These samples were also stored at 23° and 
were analysed- daily using a Pye model 74 pH meter equipped with a glass 
pH electrode and calomel referezice. Before measurements were made the 
headspace of each sample v/as flushed with nitrogen to prevent aerobiasis 
when stirred, the pH was read one minute after insertion of the electrodes. 
Each day, before use, the instrument was calibrated by means of a buffer 
solution (pH 9.2) prepared from pH tablets (V/ellcome foundation).
The pH values of aqueous solutions of the treating agents were 
determined at their respective concentrations.
Table 34 pH of aqueous solutions of treating agents
Treating agent pH
( ^ ) 2S20g (-0.83/6 w/w) 6.3
KCIO^ (0.18^ w/w) 7.2
HGH0 (l.OCfm w/w) 6.7
Distilled water 6,9
4O/o w/V aqueous solut.'Loh of formaldehyde
The concentrations of the components are represented in Table 35 • 
14*3*4 Relative retention times (HItT,, ^ )
It should be noted that values of RRT-, r,TT quoted in this and folio v/ime OH
tables are not comparable with those of Chapter 11. The reason is that 
tv/o batches of Porapak Q we re used which gave different retention times 
for methanol. Therefore, v/hilst a good comparison v/as possible 'by 
superimposition of relevant chromatograms comparison of relative retenti 
data was misleading.
14*3*5 The variation of pH with time
The pH of each specially prepared’solution was measured daily for 
three weeks. The results are represented graphically in fig. 74*
14*3*6 The variation in odour with time
bach faecal slurr7 sample was ascessed for odour inmi'ediately before
analysis both undisturbed (upper evaluation) and when di.sturbed due to
removal of sample for analysis (lower evaluation). The strength of each
odour was assessed on a linear scale between 1 and 5.
Table 36 Variation in odour with time
TREAIHENT
Days Blank • s2o82-(m) C1j’(0.17^) HCHO(ly)
0 faecal(l) 
fatty(2)
grassy(3) fungal(3)
fatty (4J"
odour of 
formalde­
hyde only
1 faecal(3) 
fatty(2)
grassy(3) fatty(2) 
grassy(2), 
H2S(1);
odour of 
formalde­
hyde only
2 faecal(2) 
grassy(2)
H2S(1 )
fungal(3) fungal(3) 
faecal(2),
h 2s (0'
odour of 
formalde­
hyde only
3 ' jeaa®L2) 
H p C O  .
fungalg)
fungal(3) fungal(3) 
faecal(2), 
H2S(1)
odour of 
formalde­
hyde only
4 jjgaggdf?
x'utigaX^ 2)
H2S(2)
fungai(3) j^ngtUQ), 
faecal(2).
h 2h (i)
odour of 
formalde­
hyde only
7 .gua;Sl(,2).
sulphurous
1)
cabbage­
like (3)
fungal(3) fungal(3)
sulohurous
k )
silage­
like (2)
odour of 
formalde­
hyde only
10 fungal (3) fungal(3) odour of 
sulphurous formaide-sulphurous
(4) (2) • hyde only
si 1 ag e—cabbage- 
like(4) 
h 2s (5)
like(2)
14.3.7 The variatjyn
The blank sample slowly developed a dusty white fungal growth (day 4)
which gradually increased with the formation of watery surface globules and
slightly darker than the others, developed a thin filamentous fungal
chlorate developed a slight fungal growth similar to the blank but less 
intense. No fungal growth took place'in the sample treated with formalde­
hyde .
14.3*8 Changes in sample volume_
The changes noted were relatively large volume increases resulting
from bubbles of trapped fermentation gases (0H.,C0„, etc) •
4. £
The percentage increase in sample volume was evaluated by measuring 
the progress of the slurry surface up the container. These values are 
plotted against time in Fig. 73 •
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«
0 -  Blank 
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Due to the low pH generated by addition of persulphate to faecal 
slurry a further series was carried out in which the pH of the chlorate 
treated slurry was artificially adjusted to 3«- This was carried out by 
addition of hydrochloric acid (2N) because of the possible nutrient value 
of suitable buffer compositions. The faecal slurry was found to be a 
very efficient buffer system which required considerable quantities of 
acid to change its pH by two units. In a manner similar to that described 
in section 14.3 twenty-eight faecal samples were prepared and treated as 
follows:-
(a) Potassium chlorate (0.17%) added aft erg pH adjusted to 3*
(b) faecal slurry adjusted to pH5 (blank) .
(c) Ammonium persulphate (i>b) .
(d) Blank.
The addition of acid to the slurry resulted in effervescence which 
was probably due to a small amount of stone (CaCCl) in the sample.
14.4.1 Variation in faecal volatiles
The-concentrations of the various components are represented in Table
37.
14.4 * ^ The variation of pH
The results of pH measurements carried out in a manner identical to 
that described in section 14.3*2 are graphically represented in Fig. 7 6«
14.4*3 The variation in odour with time (see section 14.3*6)
Table 38 
TREATMENT
CIO, at pH5 .
j
straw(2)
f aecalTl), fatty
(2)
straw(2)
faecalT2), fatty
. (3)
straw(2), fatty(2) 
fatty(4)
mouldy grass(2)
fatty(3)
mouldy grass(2)
fatty(3)
S2°82' (^0) 
decaying grass(3)
pH3 blank 
straw(2) 
faecal(l), 
fatty(2)
straw(2) fungal(3)
f aecal(*2),
fatty(3)
straw(2) fungal(3)
faecal^), fatty(l) 
fatty(3)
£SS^(2)
fatty(3) fatty(l)
lliS&aiLg) fungEOQ)
fatty(5) fat,ty(l)
blank
straw(2) 
faecal(T), fatty(l)
sulphurous(2) 
cabbage(2)
cabbage(2) 
sulphurous(4 )
H2S(3)
cabbaiseQ) 
sulphurous(5) 
faecal(3)
sulphurou s ( 3 ) > NH.„ (1) 
sulphurous(5)
•L U J. J
Days
7
10
TREATMENT
010^ at pH3
mouldy grass( 2)
fatty©
mouldy grass(2)
fatty(3)
pI13 blank
Jiyjaai-O)
f a t t y ©  "
fungal(2)
f atty(3j
S2°8
Ji2a?ii3)
fatty(l)
iliSffiiLj)
fatty(l)
(130 blank
suiphurous(3) ? NH7 (1_) 
sulphurous(3)
5-methylindole( 1) 
sulphurous(3)
14.4.4 The varie.tion in colour and fungal growth
As before (see section 14*3*7) the persulphate treated samples were 
all darker than the others. All, except the blank, rapidly developed a 
thick growth of filamental fungus which first became apparent at day 3 
(day 4 for persulphate treated slurry). Once established the growth on 
persulphate treated slurry was always more intense (equivalent to approx­
imately one days growth). The blank sample developed a cap of mould on 
its surface (day 4) which developed into a thick covering (day 8).
14*4*8 Changes in sample volume (see section 14*3*8)
The percentage increase in volume of the samples is illustra/ted 
graphically in Fig. 77* .
Ta
bl
e 
37
 
At
te
nu
at
io
n 
co
rr
ec
te
d 
pe
ak
 
he
ig
ht
s 
fr
om
 
fa
ec
al
 
sl
ur
ry
 
ch
ro
ma
to
gr
am
vo
ON
OJ
vo00 voo
CO 00 o o
uo
CM
VOC\J
— j . “T
o
o>
•n\
-O
o
in
H
CM
OJ
CO
r>i
co 0000
o.
oCOCM
CMo
r—I OOVO
VO CM
iH
CMco
m
o
vo00
ooCO :0
CM
rd
CD
d
a-r-A
o
rH
rQ
d
Eh
Ic\j coo
C\J
CO
co -d;
O  cm
• •
C\J C\]
O0 O
CO CM
00
vo
vooo
CMO
VO
rAOOVO iAVO O
CM
OVOA -
LA CMCO
■M
CM
OAVO VO
CO
-P
OCOVO VO
CMCM
0V ■ 
CM
VO oo
CM VO
VOo CM
CM
O
CM
■CO
vo oov
o
oo
CM
vo o. voCMLA
CM
LA CO 0VOV
<D
A
O
H
rOC*
cH
COOV VO '
(A
CM
CMO
C7V
CO
COo
CM
vooIAvo
o
voov
CM
CO
CM CM
OVO
CM
O
CO
CM
-P
CO
vovo o!A .
o
vo COomoo
-p
CMVO
O
O
CM
-A
■CM
COo CO
ovIAo
o
ov
CM
CO
ON A
CM
CO
CM
Fig 76
0~ Biank 
Q*= Persulphate 
^ « Chlorate 
0 = Formaldehyde
5 Days 7
4 0
O - Biank 
0~ Persulphate 
t? =. Chlorate 
0 =  Formaldehyde
14.5 The action of ammonium persulphate on sterile slurry
«
A further series of experiments v/as carried out to determine whether 
the typical results of persulphate' addition (pH -lowering, fungal growth, 
increase in aromatic hydrocarbons, etc) were due to its influence on the 
slurry flora or to chemical reaction with the substrate. Ammonium per­
sulphate (l/c). was added to both normal and autoclave sterilised slurry, 
both slurries being used as blanks.
14*5•1 Sterilisation .
Well stirred faecal slurry (250 g) v/as placed in each of 32 glass
%
screw capped jars (450 g) . Half of these ’we re sealed by several thick­
nesses of aluminium foil and placed in an-autoclave. This v/a,s heated to 
121° (15 p.s.i.) for 20 minutes, this being the recommended treatment 
for samples of this size and shape. When cool, eight of these were treated 
by addition of persulphate (l°/o) in the usual manner and. the dilution of 
the sterilised blank samples adjusted by the addition of an equal volume 
of distilled water. All water added to sterile samples v/as boiled (i0 
mins) before use and stored in sterile containers plugged by cotton wool. 
All measuring apparatus v/as also throughly sterilised in an autoclave.
14*5*2 Variation in faeccl volatiles with time
The concentrations of the various compounds are represented in Table
39*
14.5.3 The variation of pH
The results of pH measurements carried out in a manner identical to 
that described in section 14.3*5 are represented graphically in fig. 72.
The autoclaved samples were stirred with a glass rod that had been boiled 
in distilled water (l0 mins).
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Slight darkening occurred in both- persulphate treated samples though 
no mould was visible in either of the autoclaved groups. A thin filamentous 
fungal growth was visible in the persulphate treated samples after 2 days 
and a heavy growth had accumulated after 3 days which became a thick 
gelatinous covering by day 7* A thick gelatinous surface covering was 
apparent in the unsteriiised blank after 3 days which became a dense cap 
after 7 days. .
i4*5*6 Changes in sample volume
The percentage increase in sample volume is graphically illustrated 
in Fig. 79*
14.6 Summary
It was not possible to completely duplicate the effects of persulphate 
treatment but valuable indications of its mode of action were obtained.
It'was evident that no single property of persulphate was exclusively 
responsible for deodorisation.
Acid conditions were found to cause deodorisation but'when artificially 
created were rapidly neutralised. Similarly, the presence of an oxidant 
increased odour control though again the action was temporary. This . 
suggested an additional property of persulphate which enables it to sustain 
acid conditions for apparently indefinite periods. This will be discussed 
later in the light of other information. Chlorate treated, acidified, 
slurry was effectively deodorised though, again, only for a finite period.
The production of benzene, .toluene and ethylbenzene was shown,, by the 
use of sterile slurry, to be due to the action of persulphate on.substrate 
materials. This action was not duplicated by chlorate. In all cases the 
occurrence of a malodour was.accompanied by an increase in the concentration 
of dimethyl sulphide which imparted a cabbage-like odour. These results - 
will be discussed more fully in the discussion section where they will 
be related to other findings,. *
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As previously described (see section 4.3*6) this is one of the many 
methods by which concentrated samples may be obtained from dilute systems.
Due to the considerable difficulty encountered in obtaining sufficient 
material for analysis from faecel slurry this method was investigated.
The technique involves transfer of volatiles at low temperature and 
reduced pressure. The distillation flask is normally maintained at room 
temperature and the receiver at -80°, -196° or any convenient intermediate 
value. By careful use of several trap's at different temperatures a valuable 
fractionation nay be obtained. Further, small quantities of volatile matter 
can be separated from large volumes of water.
15*1 * 1 ' The apparatus
The method due to Stahl (l38) was employed with little modification,
The apparatus used is illustrated in Fig. 80.
15«1*2 method
Faecal slurry (850 g) that had been fermented for five days at'85° Was 
place d in the sample flask (500 ml). Tap A was closed and the flask, immersed 
in liquid nitrogen (-196°') for 15 minutes. A vacuum was applied to the 
apparatus and all other taps opened. When a value of 0.01 Torr had been 
attained tap A was opened and the sample flask evacuated. Tap B was then 
closed and trap 1 cooled to -156° and the sample flask allowed to warm to 
room temperature. Transfer of volatiles was allowed to take place overnight, 
the coolant being kept topped.up. This resulted in a completely dried-faecal 
sample, and trap 1 half filled with an aqueous distillate.
After total transfer, distillation was performed by re~e.vacua.ting the 
apparatus (tap A closed), isolation by means of tap B, and transfer to traps 
cooled to -20° (ice/salt), -80° (solid carbondioxide/acetone) and -196°
(liquid nitrogen) respectively. Two hours were allowed for distillation to 
take place. '
After this period the coldest ti'ap was found to contain a small quantity 
of white deposit. The -80° trap contained a .white solid (2 ml) which became 
faintly brown when melted. The -20° trap also contained a white solid (10 ml) 
whilst an aqueous solution (200 ml) remained in the distillation flask.
15.1.3 Transfer of volatiles to gas chromatographic column
The apparatus in Fig, 81 was used to transfer the volatiles from the 
cold traps with minimum loss and contamination.
The trap, still immersed in coolant, v/as attached by means of the socket 
and cone indicated. The preoolumn (see section 9*<2) v/as also attached by 
means of the Sv/agelok unions and cooled by solid carbon dioxide. A pressure 
of nitrogen (ip rnm Hg) v/as applied and the trap v/as gradually removed from 
the coolant. Transfer of volatiles v/as allowed to take place for approxim­
ately .15 minutes at a flowrate of 15 rnl/min. After this time the precolumn 
v/as removed and examined in the usual manner (see section 9*2).
13.1 *4 G-as chromatographic analysis
Fig. 82 shov/s the results of this procedure. The -196° trey was 
responsible for collection of most of the very volatile material, very little 
appearing in the -80° trap. However, better fractionation would be achieved 
at higher pressures.
This chromatogram is more intense than those obtained from other pre- 
column runs and indicates a more efficient sample extraction. Few new peaks 
were produced 'except at the end of the chromatogram where normally less 
volatile compounds elute. This v/as to be expected from the use of a more 
vigorous technique. It was not possible, at this stage, to identify these 
compounds.
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15.2,1 The use of a small faecal sample
So that a comparison could he made with normal procolumn trapping a 
further low temperature distillation was carried out using only 13 S of faecal 
slurry (treated 1/o)« All experimental conditions were the same as those 
previously described. V/hen distillation was complete the -i 96° trap was 
found to contain a moderate quantity of a fluffy white solid. This was 
transferred by means of s. nitrogen flow to a precolumn and analysed by the 
usual method. The chromatogram produced (Fig. 83) v/as remarkably similar to 
those obtained previously- (chapter 14)• Particularly noticeable was the 
large*peak due to dimethyl sulphide.
All peaks due to gases such as methane, ethane, carbon.monoxide, etc. 
have been removed from the start of the chromatogram by this process.
The contents of the -80° trap were also examined by this method but 
were found to contain very few volatiles. In this case a calcium chloride 
drying tube v/as used as the gas stream contained a small quantity of water 
vapour.
ip.2.2' Preparation of_2.4~dinitrophenylhydrazone derivatives
The pH of the distillate in the -80° trap (4 ml) v/as tested and found 
to be close to 7 (B.D.H. universal indicator papers). Addition of an 
aqueous* solution of 2,4-dinitrophenylhyurahine reagent (248) slowly 
precipitated an orange material. This was filtered, dried and stored in a 
desiccator for future analysis.. . None of the other aqueous trap contents 
behaved in this way. Similar analysis of the same trap contents from the 
previous distillation (untreated slurry) gave only a very slight precipitate 
which subsequent analysis showed to consist only of 2,4“dinitrophenylaydrasine«
* The usual methanolic solution v/as found to precipitate the reagent when 
diluted with distilled water.
Fig 83 Low temperature distillation - small 
faecal sample •
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15*3 Lov; temperature steam distillation
Due to the advantage of a liquid sample for gas chromatographic analysis 
a method was required by which the scale of the distillation could be increased 
without the problems created by large volumes of water. This caused the 
•narrow parts-of the apparatus to become blocked thus preventing further 
distillation. To overcome this a technique first suggested by Foras et.al. 
(141.) .v/as adapted. This involved removal of volatile material from the top 
of a reflux condenser.
Apparatus
The apparatus used for this is illustrated in Fig. 84.
15*3*2 Method
Treated (l/b) faecal slurry (2,p l) that had been fermented for four days 
at 25°, was placed in the 5 1 .distillation flask. The temperature was then 
raised to 40° by means of a heating mantle and silicone ’ antifoam' (0*5 ml) 
was added to prevent foam formation (see section 13»12). When uniformly 
heated the traps, at the indicated temperatures, were put in place and the 
system was slowly evacuated to remove any gas from the sample.
When this had been done the vacuum was adjusted to give a gentle reflux 
which v/as continued for two hours. A temperature of -20° was obtained by 
continuous addition of small pieces' of solid carbon dioxide to acetone.
At the end of the distillation both 0° and -20° traps were found to 
contain approximately 5 ml of distillate. The -80° trap v/as completely 
filled with porous white solid.
15*3»3 Preparation of solutions for gas chromatographic analysis
The contents of the two low temperature traps were dissolved in diethyl 
ether (0.2 5 nil), the puritj7- of which was checked by gas. chromatography, using 
the following method:-
The apparatus (see Fig. 85) consisted of a micro-flask' prepared by 
drawing down a quickfit socket. A cone of the same dimensions was fashioned 
to form a capillary which reached into the bulb of the flask. A piece of 
P.T.P.E. placed in the joint allowed for the release of excess pressure.
The assembly v/as directly attached to. one of the disconnected traps, 
still in its coolant, in order that a transfer be made. The intervening tap 
was then opened and a slow stream of vapour passed through, the ether by 
slowly removing the trap from its coolant. Great care v/as. taken to avoid
pressure build up. When the trap had reached room temperature any remaining 
volatiles were removed by a slow stream of pure nitrogen. The -80° trap was 
heated at this stage by immersion in hot water to facilitate removal of the
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volatiles from aqueous solution. The ether was cooled by means oT ice/salt 
(-20°) for the “80° trap contents and in powdered solid carbon dioxide 
(-80°) for the -196° trap. The latter contained a deposit in the form of a 
mist on its wa^ls after initial transfer wliich was moved into the ether by 
means of a hot air blower (solution 1). The ether solution from the -80° 
trap was removed at this stage (solution 2) and the aqueous trap contents 
(•1 ml) were shaken with further diethyl ether (0.5 ml) to remove any remaining 
organic matter (solution 3)* Diethyl ether was chosen because of its excellent 
solvent properties and high retention by Porapak columns.
When examined by g.c. using standard conditions (see section 9*2.1) 
solutions 1, 2 and 3 (0.5  ^ il) gave very little indication of volatiles.
Direct aqueous injection of the 0° and -20° -trap contents (l.O^l) gave 
similar' results.
15*3*4 Trapping without diethyl ether
The procedure described in section 15*3*2 was repeated,, the trap
a , ,-.o ' ,,,.0 , , . ,,-o j , *
temperatures. oerng raodrireu to -nu , -oO , -1o0 anci ~i po to achieve 
better fractionation. The third temperature was created by means of a diethyl 
ether slush bath consisting of solid diethyl ether in the liquid solvent. 
Collection of the volatiles was carried out in a manner similar to section 
15*3.3, however, each trap was allowed to warm to -20° before transfer to the 
micro-flask in order that large quantities of methane and carbon dioxide might 
escape. Ether was not used in this case and the volatiles were condensed 
directly into the micro-flask cooled to -80°. Y/hen transfer was complete the 
solid was washed from the capillary tube by means of methanol (2 drops).
Gas chromatographic examination of the solutions obtained from the various 
traps showed that little volatile material had been collected.
"15*3*5 Preparation of 2,4-dinitrophenylhydrasine derivatives
The contents of the -40° trar), after g.c. analysis, were diluted by 
addition of an equal volume of distilled water. 2,4-dinitrophenylhydrazine 
reagent (10 drops) was then added and the orange precipitate removed by 
vacuum filtration after 10 minutes. Further reagent was added and a second 
precipitate obtained. Both were kept in a desiccator, their analysis will be 
described later (see chapter 16).
15*4 Summary
Low temperature distillation was shown to be’a good method for the 
removal, of volatiles from a dilute system particularly when only small 
quantities of starting material were available. The method was shown to give
au identical cnromacogram to the precolumn trapping technique when used to
examine a faecal sample. However, the long analysis time (24 hours) precluded 
its use in studying the development of slurry volatiles, though as a means of 
producing concentrated samples for gc-ms analysis it v/as promising*
The low temperature steam distillation technique was essentially similar’ 
but v/as more useful because of the smaller quantities of water vapour evolved 
and the shorter analysis time (2-3 hours).
Unfortunately, it was not possible to obtain any liquid samples for g.c. 
analysis by these methods. This would have made analysis of the constituents 
relatively easy, especially by gc-ms.
CHAPTER 16
Analysis of carbonyl derivatives
The preparation of 2,4-DbPH derivatives from carbonyl compounds present 
in faecal slurry v/as described in chapter 15 add various techniques were 
used to identify the carbonyl compounds present.
Initial attemjjts to prepare these derivatives from the vapour of bovine 
slurry were unsuccessful. Both methanolic and the more dilute aqueous
2,4-DMPH reagents (248) were used in an effort to remove carbonyl compounds, 
present in a stream of nitrogen passed through the slurry. Precipitation 
of the reagent by evaporation occurred even when the flush gas wa.s presat­
urated.
l6.1 Mass spectral analysis
The method of McKinney and Light (249) was used for rapid analysis of 
carbonyl derivatives prepared by low temperature distillation (chapter 15j. 
These .workers employed a time of flight mass spectrometer to analyse a 
complex mixture of carbonyl 2,4-DidPIl derivatives. This was possible without 
separation because the first major fragment from ionisation of these com­
pounds results from scission of the — IM—  bond.
0
,NHr-N=C
i 'R 
NO,N Q S ^ N O .  
m/e 182
Several mixed 2,4-DMPH derivatives (i mg) were available and a portion 
of each (200yig) was sealed in a glass capillary for analysis by mass 
spectrometry. The direct probe insertion technique was used and moderate 
temperatures (l50°) employed for volatilisation. Excessive temperature rise 
was avoided to prevent pyrolysis.
The derivatives analysed were as follows:-
(a) Low temperature distillation of untreated slurry (see section 15*1
(b) Low' temperature distillation of treated slurry (see section 15*2,
(c) Vacuum steam distillation of treated slurry (see section. 15*3*5)
Sample (a), which had a more intense red colouration, was shown to 
consist only of the reagent compound. Samples (b) and (c), however, ■ showed 
peak clusters above m/e 200 and little at m/e 198 from the reagent. The
spectra are illustrated in Fig.- 86.
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Both spectra show peak clusters at m/e 276, 266, 252, 238 and 224 due 
to derivatives of the following compounds:-
rr/e 224 ethanal
n/e 238 propanal or acetone
m/e 2p2 butanal, -2-methylpropanal
or 2-butanone
n/e 266 pentanal, 3-methylbutanal,
2-pentanone, 3-pbntanone 
or 3~methyl-2-butanone
rr/e 276 furfural
Identification of ethanal 2,4~DNPH (the major component) and furfural
2,4-DIlPH (a'minor, component) was unequivocal. The other peaks, as indicat 
have several possible origins because of the similar mass spectra of corrc 
ponding aldehydes and ketones (e.g. propanal and acetone).
16.2 Single trap vacuum steam distillation
This was carried out to obtain a moderate volume of an aqueous distill 
in order that a more complete study of the carbonyl content of faecal slur 
might be made.
16.2.1 Apparatus
This is illustrated in fig. 87.
The apparatus consisted of a 5 1 round bottomed flask warmed by a 
heating mantle and fitted with a double surface, reflux condenser. • The 
condenser outlet was directly attached to a large annular trap immersed in 
solid carbon dioxide/acetone coolant. A similar trap immersed in liquid 
nitrogen prevented.contamination from the oil immersion.pump used to 
evacuate the system.
16 .2.2 liethod
Treated slurry (3 Kg), fermented for five days at 25° and stored at 
0° for three months, was placed in the 5 1 flask. Antifoam (1 ml) was add 
and the traps were cooled in their respective refrigerants. When a tempcr 
ature of 50° had been uniformly attained the pressure was lowered until a 
gentle reflux began. This was allowed to continue for three hours after 
which the -80° trap contained an opaque aqueous distillate (10 ml) designs 
solution (a). The condenser v/as set for conventional distillation and a 
further 100 ml of aqueous distillate r-moved, designated solution /u) •
16.2,3 D eri v ati ve preparation
4
To a portion of the -60° trap contents (0.3 ml) distilled water (0.5 mi) 
and aqueous 2,4-DNFH reagent (3 drops) were added. A 'yellow precipitate 
was formed which, after 10 minutes, v/as filtered at the pump using a small 
Hirsch funnel. The precipitate was then dried in a vacuum oven (60°), 
reqrystallised from the minimum quantity of hot ethanol (0.25 ml), and'its 
melting point observed using a hot stage microscope (l 25°-134°) • This 
indie a/ted that the solid was composed mainly of derivative as the reagents 
melting point was i 97°*-8° (231)• A mass spectrum showed very strong peak 
clusters at m/e 276, 266, 252, 238 and 224. (See Fig. 88.)
-]6.3 The selective removal of aldehydes from solution
Due to the great similarity between aldehyde and ketone 2,4-DMHi 
derivatives recourse was made to the original carbonyl solution. Dilute ■ 
solutions of Schiffs reagent and potassium permanganate were tested for 
their ability to selectively remove either aldehydes or ketones from she 
mixture but neither was sufficiently specific.
1b „3 • i Tollens reagent (240)
Tollens reagent (an ammoniacal solution of Ag^O) v/as freshly prepared.. 
This reagent gave a heavy black precipitate with dilute aqueous ethanal 
but no reaction with 2-butanone.
The specificity of the reagent was tested as follows:- Two dilute 
aqueous solutions (10 ml) containing 2-butanone (2 drops) and ethanal 
(2 drops) were prepared. To one of these Tollens reagent (l0 drops) was 
added and both solutions were centrifuged (2000 rpm for 10 minutes).
2.4-DhPH reagent (1 ml) was added to each supernatant and after.10 minutes 
the precipitates formed were filtered and dried. When examined by mass 
spectrometry the Tollens treated sample'showed a reduced response to ethanal
2.4-DkPH over the control sample (see Fig. 89).
A portion of the distillate obtained by single trap vacuum steam distill­
ation of treated faecal slurry (see section 16.2) was diluted by addition 
of an equal volume of distilled.water. Freshly prepared Tollens reagent 
(5 drops) was then added and the mixture centrifuged (2,500 rpm for 15 
minutes). More reagent (5 drops) was then added and the process repeated 
until further addition (1 drop) of reagent gave no precipitate. 2,4-DMTI 
reagent was then added and the fine yellow precipitate-was filtered after 
15 minutes. This was dissolved in chloroform and decanted to remove silver 
residues. The mass spectrum of the solid obtained by evaporation of the 
solvent (Fig. 90) showed that several peaks had been removed by treatment 
(see Fig. 88).
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16.4 Deuteration of 2,4~D-<PH derivatives
Tollens reagent only partially distinguished between corresponding
aldehydes and ketones in a mixed solution. Deuteration of the 2,4-hi'iHI
derivatives was, therefore, attempted in the hope that greater substitution
of the heavier isotope'would'occur in the aldehyde derivative. The
2
aldehydic proton is directly joined' to an sp hybridised carbon atom and as
3such should be more acidic than the sp hybridised protons of the keuone 
derivative (250):-
NH“ N=C
2 2 sp
An experiment v/as, therefore, carried out to show the extent of 
deuteration in a sample of ethanal 2,A-DITMi. A-small amount of this compound 
(10 mg) v/as ground with deuterium oxide (0.5 ml) in an agate pestle and 
mortar to which had been added -a small quantity of potassium hydroxide.
The liquid v/as then removed in a flow of hot air end the process repeated 
tv/ice. The mass spectrum of the solid residue indicated only partial
deuteration of the proton on the nitrogen atom adjacent to the benzene ring.
1 00(P+1 ) ■ ■
This v/as inferred from the increase- in the ratio -rr 1 from 12.63% tof
30.6l^ o. •
Prolonged contact (7 days) of ethanal 2,4-DhPH with potassium hydroxide 
(5%) in deuterium oxide (l mi) contained in a sealed, shaken tube gave no 
further deuteration.
16.5 Thin-layer chromatography (t.l.c.) ..
Thin-layer chromatography has been used extensively for analysis of 
carbonyl compounds as their 2,4-DnPH derivatives (183). This technique 
was, therefore, used to reinforce the mass spectral examination of these 
compounds.
l6.5*1 " Benzene mobile Jfhase
Chromatography on plates'of silica, gel using benzene solvent and 
Kieselgel H has been used to study aliphatic carbonyl compounds derived from 
beer (251) * To test this system the following (l mg) were dissolved in 
chloroform (0.5 ml):-
\ ' ' /  ±>' . V' W  C-vi-lCiJL C-
(d) 2-butanone 2,4~D1'MI
Benzene solvent and silica gel plates (75 x? 50 ram) gave incomplete 
separation'of this mixture. Several other solvent systems suggested by 
Nano (163) were also tested and found to give inadequate separation:-
(a) nitrobenzene: chloroform:' n-hexane (1:2:3)
(b) nitrobenzene: chloroform: n-hexane (1:i:4)
(c) ethyl acetate: n-hexane (l;9)
G-ood separation into four components was obtained by the use of a solvent 
system -suggested by Mehlitz (252). This had the following composition: - 
carbon tetrachloride: n-hexane: ethyl acetate (10:2:1)
All subsequent work was, therefore, carried out using this solvent and 
silica gel plates (adsorbent thickness 0.25 mm).
16.5 .2  Preparation of 2,4-DNRH derivatives
The following 2,4-BNPH derivatives were prepared using the three methods 
described below. In each case the product was recrystallised from hot 
ethanol and its melting point determined by means of a hot. stage microscope.
i’»I • pt. found Ref. value (250)
methanal 163° 166°
ethanal 165° 168° .
prop anal 152° 155°
1-butanal 120° 123°
1-pentanal 97° 98°
2~methyl-1 -prop anal 184° 187°
3-methyl~1-butanal 1210 123°
furfural 220° (indistinct) 230° (indistinct)
2-propanone 1 25° 128°
2-butanone 110° 115°
3~pentanone 152° ' 156°
2-pentanone 142° 144°
3-hydroxy-2-butanone•' 313° 318°
2,3-butanedione .314° 315°
preparation method (i)
The liquid carbonyl compound (5 drops) was shaken with a methanolic
solution of 2,4-DRHI reae 
(formalin) was employed.
;ent. In the case of imethanal a 40/b aqueous solution
preparation method (2)
«
The licuid carbonyl compound (5 drops) was dissolved'in distilled v/atei 
(5 ml) W1 th heating. To this was added an aqueous solution of 2.4-DbPH 
reagent (2 .ml). -
preparation method (3)
The carbonyl compound (5 drops) was dissolved in a mixture of ethanol 
and distilled water (3 ml of SO:30)* The derivative was precipitated by 
addition of methanolic solution of 2,4-DIffH reagent.
To prepare solutions of suitable concentration for t.l.c. each
%
derivative (20 mg) was dissolved in chloroform (0.3 ml).
16.S*3 C hromato grapby
A 20 cm x 20 cm silica gel plate (oven dried) was selected (adsorbent 
thickness 0.23 mm) and channelled to form sixteen parallel sections of 
equal width. A measured volume of 2,,4-MPH solution (2.0 ^ jl) was then 
placed 1 cm from the end of each charmed in the following order:-
1 methanal
2 propanal
3 ethanal
4 unknown *
3 1-butanal
6 1-pentanal
7 3~hydroxy-2-buta-sono.
o unknown '
9 2-butanone
10 3-pomtanone
11 2-pentanone
12 unknown
13 2, 3-butane ox one
14 2-propanone.
When dry. the plate was eluted with the solvent system carbon tetra­
chloride: n-hexane: ethylacetate (l0;2:1). The finished plate is illustrate 
in Fig. 91•
To increase the intensity of the weaker spots a developing spray was 
used (1 Op potassium hydroxide in ethanol) which, coloured the spots deep 
brown. Two further identical plates were run for comparison and. to investi­
gate the use of other developing reagents.
* The unknown solution contained the mixed. 2,4-DMPH sample obtained by 
single trap vacuum steam distillation (see section 16.2;
Due to the limited space on each plate the following derivatives were 
run separately:- .
3 ethanal .
9. 2-butanone •.
14 2-prop anone 
13 2-methyl-1-propanal
16 3-neonyl—1 —duoanal
17 furfural•
This finished plate is illustrated in Fig. 92.
10.3.4 Potassium ferricyanide spray reagent
A dilute solution of potassium ferricyanide (0.2i) in dilute hydro-, 
chloric acid (2N) was reported (232) to develop', aldehyde derivatives olive 
green and ketone derivatives blue. When tested using one of the above 
plates all spots were developed blue. The solution was, however, useful- as 
an additional developing agent.
16.3.3 Identifications based on Ik, values (see Figs 91 and 92) •
Unknown spot 1 pentanal 3-methyl-2-butanone 3-methylbutanal
Id, = 0.37" Rf = 0.35 Rf = 0.38 Rf =.0.37
(average of 10) (average of 3) (average of 3) (one value)
Unknown spot 2 2-butanone 2-methylpropanal
Rf = 0.33 . Rf = 0.32 Rf = 0.34
(average of 10) (average of 3) (one value)
Unknown spot 3 propanal furfural
P = 0.26 R„ = 0.25 R« = 0,24
x j. 1
(average'of 1.0) (average of 3) (one value)
Unknown.spot 4 ethanal
Rf = 0.18 Rf = 0.18 ■
(average of 10) (average of 3)
16.6 Analysis of t.l.c. separated compounds by n.m.r.
Analysis of carbonyl derivatives separated by thin layer chromatography 
followed by n.m.r. was expected to give valuable confirmatory information. 
The latter,being easily able to distinguish the 2,4-DNPK derivatives of 
corresponding aldehydes and ketones (see Fig. 93).
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16 .6.1 Evaluation of method
«
A silica gel t.l.c. plate (75 x 50 imn) was immersed in carbon tetra­
chloride: n-hexane: ethyl acetate (10;2:1) for one hour. During this time 
a test solution was prepared containing acetone 2,4~Di'lrH (2 mg) dissolved 
in chloroform (0.5 ml) which was spotted onto the drj.ed.pla.te in 5 ? 10 
and 15JJ1 volumes (20 ^ g, 40 jjg, and 60 jjg respectively). The plate was 
then placed in a desiccator and evacuated (0.1 Torr) for 2 hours by means of 
an annular trap immersed in liquid nitrogen. After this time the desiccator 
was-'isolated and left overnight.
16.6.2 Removal of t.l.c. spots
A modification of a method suggested by-Stahl and Schild (253) was used 
to remove the adsorbent and derivative from the t.l.c. plate.
A length of wide bore narrow wall capillary tubing (6 cm) was thoroughly 
washed with chloroform and dried. A plug of cotton wool was placed in the 
middle of this and compacted. Air was drawn - through the tube by a water 
pump using the adaptor shown in Fig. 94.
The t.l.c. spot to be examined was loosened using a syringe needle and 
sucked into the capillary tube to form a tight plug. The tube was then 
removed, inverted (derivative uppermost) and deutoro-chloroform passed 
through to wash the derivative into a.n n.m.r. microcell by means of the 
apparatus shown in Fig. .95*
Before use all parts of the apparatus were washed in chloroform by 
means of an ultrasonic bath.
16.6.3 Results
The n.m.r. spectrum (1O16 scans) of the t.l.c. spot (60 jjg) showed 
very weak signals due to the methyl protons of the derivative (2.1619 ppm 
and 2.0908 ppm) and very strong impurity signals at 0 .8292, 0 .8779? 0 .P942, 
1.2551 and 1.5933 ppm respectively which prevented further accumulations of. 
the spectrum. The derivative signal represented only 0.2/j of the largest 
impurity signal ,(l *2551 ppm). This occurred even when the plates were 
pre-flushed with Analar diethyl ether.
A similar area of the above t.l.c* plate, which contained no sample, 
v/as treated in the manner described above. The n.m.r. spectrum showed only 
weak impurity signals at 1 .2551, 1.5510, 1.9965 and 2.1754 ppm respectively 
probably due to adsorbed solvent. .
nm.n ceil
16.6,4 The use of benzene- solvent
The experiment was repeated using benzene solvent and replacing the 
cotton wool.by glass wool. The signals from solvent not fully removed from 
the plate would, therefore, be at low field and not interfere. However, 
an n.m.r. spectrum still showed strong impurity signals. The deutero- 
chloroform was tested and found to contain only slight chloroform impurity. 
Therefore, modification of the 2,4-DI'lPH derivative must occur by contact 
with the t.l.c. adsorbent. Insufficient time was available to determine 
the exact nature of this interaction and the method was not used.
16.7 Summary
Excellent agreement was shown between the compounds identified by 
thin-layer chromatography and mass spectrometry of the mixed derivatives. 
However, because of inadequate separation both techniques gave rise to 
uncertain identifications. In each case it was shown that ethanal was the 
major component of the carbonyl mixtures and furfural was unequivocally 
indicated.by mass spectrometry. The use of Tollens reagent in conjunction 
with the latter confirmed this and further indicated acetone and 2-butanone 
by its failure to remove m/e 23& ana 252 in the mass spectrum. The 
possible identities of m/e 266 were reduced to j-pentanal and 3-niethyl- 
butanal by the total removal of this peak. The presence of prop anal, 
butanal and 2-methylpfopanal at in/e 23b and 252 cannot, however, be discounted. 
These results are summarised as follows:-
Table 41
Positive identification 
by two methods
Positive identification 
by one method
Inferred by 
both results
ethanal acetone prop anal 
butanal2-butanone
furfural 2-methylp rop anal 
pentanal
3-me thylbu t anal
CHAPTER 17
The characterisation of gaseous metabolites
The gaseous metabolites carbon dioxide, sulphur dioxide, methane, 
ammonia, nitrogen dioxide and hydrogen sulphide are indicators of the meta­
bolic pathways involved in slurry fermentation.
The two most abundant of these (carbon dioxide and methane) provide 
a sensitive test for aerobiasis by persulphate.
In the aerobic decomposition of organic matter the main gas evolved is 
carbon dioxide. However, at low oxygen concentrations appreciable quantities 
of methane are released from decaying cellulose, organic acids, fats and 
alcohols. The biosynthesis of methane is limited to a specialised 
physiological group of bacteria found in waterlogged soils, marshes, swamps, 
manure piles, the intestines of higher animals and in freshwater sediments. 
All are , strict anaerobes and are found in the genera, I;iejbhanobacterium,
Ivlethanococcus and Sarcina. These do not utilise conventional carbohydrates 
and amino-acids; the only organic substrates metabolised are short chain 
fatty acids and simple alcohols. In oxygen deficient environments there 
are a large number of possible routes to the formation of methane of which 
the following is a representative selection (71)•
(a) C02 + 4H2---------- »CH + 2H20
A a x
i c) Cir,CGQii s- Gri. + CO,,,p 7 4 2
The relative proportions of carbon dioxide and methane evo3.ved depend 
upon the substrate. An experiment was devised to demonstrate the relative 
importance of the gaseous metabolites and measure the ratio of carbon dioxide 
to methane and its variation with time in treated and untreated slurry. A 
headspace method was used, employing g.l.c. with thermal conductivity' 
detection because of the low f.i.d. response of these compounds.
17*1 g.l.c. conditions
The following conditions gave good separation of several anticipated 
bacterial metabolites. These included hydrogen sulphide, carbon dioxide, 
methane, ammonia, acetylene and nitrogen.
Instrument . - Pye GCV. gas • chromatograph fitted with dual
thermal conductivity detectors.
Column packing ~ Porapak Q (80-100 mesh)
Column dimensions - 1 .5. m x G mm stainless steel
Carrier gas ~ helium at 50 ml/min (at 40°)
Initial oven temperature - 40° held for two minutes
oProgramme rate . - 1 0  /min
Pinal oven temperature - 100° held for ten minutes (automatic cooling)
The order' of elution of these compounds under these conditions is 
illustrated in Pig.
17.2 Cases detected in faecal samples
Headspace samples (500/11) were taken from treated and untreated samples 
.of both fresh and old faecal slurry. In each case this was carried out 
before and after disturbance of the fungal crust and also from beneath it 
by means of a long needle syringe. At no time was any gas other than 
nitrogen, methane, carbon dioxide and water vapour detected. Untreated 
samples always gave rise to more methane and ultimately more carbon dioxide 
than the treated samples which suggested possible aerobiasis of the slurry.
A series of runs was, therefore, carried out in order to study the changes 
in carbon dioxide and methane with time and their reaction to persulphate 
treatment.
17.3 Method
Freshly collected 5>Q/i faecal slurry (230 g) was added to each of fourteen 
sterile conical flasks (500 ml). To seven of these was added an aqueous 
solution (25 ml) containing ammonium persulphate (l7«5 g) in distilled water 
(175 ml) giving l£> treatment. The other samples were diluted in a similar 
manner by distilled water. The flasks were then sealed by silicone rubber 
1 suba seals’ (G-ailenkamp) pierced by syringe needles (4 cm x 21 svvg) to 
prevent undue pressure build up and stored at 25° until required for analysis. 
One sample of each (treated and untreated) was analysed at each of the follow­
ing time intervals:-
day 1, day 2, day 3 , day 4, day 5, &ay 8 , day 11
Before analysis each sample was thoroughly shaken, after removal of the ■ 
syringe needle, and allowed to equilibrate for 30 minutes. A headspace 
sample (500 JJl) was removed using a gas-tight syringe and immediately 
injected into the gas chromatograph.
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17.4 Results
The rjroduot of peak height and peak width at half height was taken as 
a measure of sample concentration. The values obtained are represented as 
follows:-
Table 42
The development of methane and carbon dioxide in treated and
untreated slurries
Day
1
2
3
4
5 
8
11
CARBON DIOXIDE 
Treated (XiO^) Untreated (X10^)
METHANE
(mm x att)
1.32 
42 • 20 
86.40 
94.20 
71.10 
66.30 
63.90
0.62
3.40
3.34 
7.94 
7.17
9.34 
10.90
Treated Untrea/fced (XlO )
46
91
107
132
67
96
123
(Vmm x att)
0.41
6.32
15*10
35.20
32.60
48.00
50.60
These results are represented graphically in Fig. 97*
17.5 Summary
No evidence was found for the production of ammonia, sulphur dioxide, 
nitrogen dioxide and hydrogen sulphide probably due to the insensitivity 
of thermal conductivity detection in the absence of a concentration procedure 
ihmrionia has been detected on several occasions in the odour above cattle 
slurry before collection and the presence of hydrogen sulphide is beyond 
doubt.
The production of carbon dioxide was little affected by the presence of 
ammonium persulphate (l£i)'though the levels of methane were markedly reduced 
(see Fig. 97). The preferential toxicity of persulphate to methanogenic 
bacteria suggests that aerobiasis of the slurry may be a contributing factor 
in the rapid deodorisation of slurry by addition of persulphate.
Fig97a Carbon dioxide variation in treated and untreated slurries
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The presence of both chloroform and carbon tetrachloride in bovine 
slurry was suggested by gas chromatography and confirmed by gc-ms. Thus it 
was of interest to investigate whether these compounds occurred naturally or 
were produced by the action of persulphate.
18.2 The low f.i.d. response of chlorinated compounds
The chlorinated hydrocarbons have a well known low response to the flame 
ionisation detector. Table 43 compares the fii.d. response of three chloro- 
methanes (low) with methanol (medium) and ethylbenzene (high).
of compounds such as halogenatea hydrocarbons to give a greatly enhanced 
response. The technique was, therefore, employed for the identification of 
these compounds in slurry, interference from other (non-electrophilic) 
compounds being almost totally removed. After several different column 
packings were tried the following conditions were selected: -
Instrument - Perkin Elmer P H  fitted with combined f.i.d. and
Table 43
Compound Response relative to ethyl­
benzene (based on peak height)
Methanol
Ethylbenzene
Dichloroine thane
Chloroform
Carbon tetrachloride
■ 18 .3 The electron capture detector
This detector (see section 5*4.3) utilises the high electron affinity
e.c.d. detectors
Stationary phase 
Column dimensions 
Oven temperature 
Carrier gas 
Elowrate
Injector temperature 
Detector supply
Durapak GHl/Porasil C (150-200 mesh) 
1,8 h  x 1,5 mm I .D. glass
70° (isothermal) 
Nitrogen 
15 ml/ruin 
200°
2
18,4 Solvent extraction
Treated -faecal slurry (6 g) was shaken with distilled Analar diethyl .
ether (3 nil) , however, the formation of a stable emulsion x; re vented any
phase separation. Thus occurred with all other suitable solvents.
18.3 Steam distillation
Treated and untreated faecal slurry (300 g) were each distilled
'separately using the apparatus shown in Fig. $8, By careful control of the
heat supply to the steam generator an equilibrium was obtained where diethyl 
ether'was neither drawn into nor blown out of the inner tube of the receiver 
adaptor. Distillation, in both cases, was continued until 2p ml of aqueous 
distillate had been obtained. The tube containing the distillate was then 
vigorously shaken and the aqueous layer removed and stored at 0° until 
.required for analysis. The distillate from the untreated slurry had an 
intensely disagreeable (fatty) odour whereas that from the treated slurry 
was.odourless«
18.3*1 Carbonyl compounds in aqueous distillate
After extraction each aqueous distillate was tested for carbonyl 
compounds by addition of a small amount of aqueous 2,4-DKPH reagent. A 
slight precipitate was obtained with the treated sample distillate. 
Unfortunately, insufficient material was available for further analysis.
18.5.2 Analysis of diethyl ether solutions
The volume of each extract was'measured and a sample (0.2^Ji) injected 
into the gas chromatograph. A large peak was obtained corresponding to 
carbon tetrachloride and a smaller one corresponding'to chloroform in each 
sample. The area of each peak was. calculated-from its height multiplied 
by the width at half height and the results are shown in Table 44*'
Table 44 Chloroform and carbon tetrachloride in 
faecal slurry
Peak 1 
Treated sample
Peal: 2
Peak 1 
Untreated sample
Peal: 2
E/'T (mins)
2.43
3.60
2.40
. 3.30
area
(arbitrary units) 
3.27 x 103 
.2
3.30 x 10 
1.91 x 10:
t
1 .33 x 10‘
Volume of ether 
solution (ml)
2p.4
25.2
18*5*3 Calculation of response factors
In order that the' concentration of halogenated hydrocarbon in each 
faecal sample could be calculated a calibration curve was prepared for 
each compound. - -
A solution containing carbon tetrachloride (1 .23 x i 0 w/w) in
diethyl ether was prepared by serial dilution of an accurately prepared '(lb) 
solution. An identical procedure was followed in order to obtain a similar 
solution of chloroform (9•4-3 x 10 w/w). Successive injections of 0.1,
0.2, 0.3, 0.4 and 0.5/Jl samples of each solution were made. This enabled 
a plot of response (peak area x attenuation) against concentration to be 
made (fig. 99)•
From the slope of each line the following'response- factors were 
calculated:-
HSbPOi-i SA F.-l/TOA
(.wt of -halocarbon corresponding • 
tc each peak area unit)
ri4-Carbon tetrachloride jil x 10 g
. -15
Chloroform 6.21 x 10 g
These values enabled the concentration of chloroform and carbon
tetrachloride in the - original faecal samples to be determined: -
Table 4-5 Slurry concentrations of chloroform and c r.rbon "tetrachloride
o
Treated
Untreated
Chloroform = 7.81 x 10 piDm
Carbon tetrachloride = 4*01 x 10  ^ppm
—2
Chloroform = 3*17 x 10 'opm
-2
Carbon tetrachloride = 2.33 x 10 ppm
1 ppm = 10 ‘fo vi/vt
18.6  Summary
This technique confirmed the presence of both chloroform and carbon 
tetrachloride in treated and untreated faecal slurry previously only indicated 
by gc-ms. Chlorinated compounds can be detected at very high dilution by 
gc-ms particularly when a silicone rubber membrane separator is used.
This is due to their high solubility in the separator membrane and very high.
ionisation cross-section which gives rise to high m.s. sensitivity.
x:
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The high sensitivity of electron capture.detection to polychlorinated 
compounds required extreme care to,prevent cross-contamination of.samples. 
To this end a very thorough springe washing procedure was used. The rathe 
high dilution of the standard solutions is a reason for' the rather poor 
linearity of the calibration curves for this experiment. Fortunately these 
were linear in the low concentration region.
It v/as interesting to observe that both chloroform and carbon tetra­
chloride were more abundant in the treated slurry. However, insufficient 
data was available for any conclusions to be drawn from this. A study of 
-the variation of these compounds with time in both treated and untreated 
slurries may give an indication of theis* origin.
CHAPTLR 19
P r e u a r a t io r n
19*1 Purification of reagents - .
"Where' compounds were available in 1 Analar1 quality these were used 
without further purification. Laboratory grade chemicals were purified by 
distillation. Due to their objectionable nature thiols and sulphides were 
also used without further purification.
19*1*1 The .purification of aliphatic acids .
The laboratory grade acid (75 nil) was refluxed with ’Analar* potassium 
permanganate (l g) and then distilled through a Vigreux column (ip cm) 
discarding the first yOyb of the distillate. The boiling points of the pure 
acids were as follows:-
butanoic acid 
2-methylpropanoic acid 
pentanoic acid 
3“inethyIbutanoic acid
Pound 
>o162 
152°
' 186° 
172°
Reference (250) 
162°
154°
187°
175°
19*1 *2 The purification of 1 -propanol, 1-butanol and 3-methylbutanol
The alcohol (250 ml) was allowed to stand overnight with anhydrous 
potassium carbonate and then fractionally distilled (15 cm Vigreux column) . 
The product was stored-in brown'glass stoppered bottles. The boiling 
points (250) were 97*4°, 117*4° and 130° respectively.
15*1*3 The purification of 1-propanal
Laboratory grade 1-propanal (75 ml) was allowed to stand overnight with 
anhydrous calcium chloride (20 g). The product was then distilled using 
a spiral fractionating column (l5 cm). The product distilling at 49°'was. 
collected and stored in a dark glass stoppered bottle.
19*1 .4 The preparation of 1 and 2-propansthiols and 1 and 2-butanethiols
The most convenient method of. preparation for the alkanethiols involved 
the successive preparation and decomposition of the appropriate S-alkyliso- 
thiouronium salt:-
//
 ^R-s-q NaOHRBr + S=C ----- :
N N H j
RSH(90°/o) +  HJ'+CN* NoBr+ 1-gO
NH
X
Into four conical flasks (pO ml) fitted with reflux condensers and 
magnetic followers were placed 1-hromopropane (4*6 g)} 2-bromopropane (4*6 g) 
1-bromobutane (5*1 g) and 2-bromobutane (5*1 g) respectively. To each was 
added- thiourea (3.8 g) and distilled' water (2.3 ml) and the mixtures were
refluxed, with stirring, for three hours. A solution of sodium hydroxide 
(3 g) in distilled water (20 ml) was then added to e ach flask ana the
resulting upper layer of almost pure thiol separated. No further purification 
was required for use of these compounds as gas .chromatographic standards. 
The products were stored over’anhydrous sodium sulphate in tightly sealed
containers.
19*1*5 The preparation of methanethiol .
S-methylthiouronium sulphate was prepared by reaction of thiourea 
and dimethyl sulphate. This was decomposed by sodium hydroxide to yield 
gaseous methanethiol:-
flask (30 ml). Distilled water (2.3 ml) was then added carefully avoiding 
excessive heat production. The flask was stirred under reflux for three
solution of sodium hydroxide (2.3 g) in distilled water (23 ml) was added 
through the set)turn cap by means of a syringe. The evolved gas was allowed 
to fill an empty syringe (30 ml) also inserted through the septum carj.
This syringe was used to. transfer the thiol to an evacuated vessel also 
equipped with a septum cap. After several transfers the pressure in this 
vessel was raised to just below one atmosphere by injection of pure nitrogen.
13.1 ,6 The disposal of _thiol residues
The tenacious odour of the thiols was removed from ail apparatus by 
immersion (21- hours) in dilute aqueous hydrogen peroxide solution (10 vox) 
before washing conventionally.
SO*'— *  2MeSH + NHiCN+ Napq.-t- H p
+
.NHL Me, 
2 S dC +
XNH Me'
SS O  - * 2
/ 4
X
Dimethyl sulphate (2.4 g.) and thiourea (4.0 g) were placed in a conical
hours after which time a septum cap was placed over the flask mouth. A
19*2 The preparation of Nessler* s reagent (248)
1Analar' potassium iodide (10 g) was dissolved in distilled water 
(10 ml) and. a saturated solution of mercuric chloride added until a slight
permanent precipitate remained. Sodium hydroxide (40 ml of 5M) was then
added anu the solution diluted to 200 nil,
19*3' Determination of the total solids content of faecal slurry
Slurry (25 g) v/as placed in a bolt-head flask (250 ml) fitted with a 
knee tube for evacuation. Most of the water content was. then removed on a 
steam bath by means of a water pump. Finally a rotary oil-immersion pump 
was employed to remove remaining traces of moisture (2 hours). Typical 
values ranged between 10/o and 20/a total solids.
19*4 The preparation of a diethyl ether slush bath
A small quantity of liquid nitrogen was placed in a wide-mouth Dewar
vessel. Diethyl ether was added, with vigorous stirring until a stiff 
slush was formed. Alternate additions of small quantities of each mateilal 
were made until a sufficient volume of coolant was formed. The 'mixture -was 
regenerated after 2-3 hours by addition of further liquid nitrogen.

CHAPTER 20
The teciini que s used
20*1 Analysis of fascal slurry
The dilute nature of faecal slurry made it a difficult system to 
investigate as most compounds -were present at very low.concentration 
(0.01- 0 . 1  ppm) . Its emulsive nature made liquid extraction, filtration 
and centrifugation difficult and in most cases'impossible. Despite these 
problems several techniques achieved moderate levels of success. Little 
change took place in the number of compounds present in the volatile fraction 
of faecal slurry though individual concentrations varied markedly.- 
Variations in composition due to animal feed changes did not take place in 
the volatile constituents with which this investigation was concerned.
Several methods were employed, with varying success, to identify these 
constituents including:-
(a) Precolumn trapping - g.c.
(b) Precolumn trapping - g.c.-m.s.
(c) Nasal appraisal - g.c.
(d) Thin-layer chromatography
(e) Low-temperature-distillation - g.c.
(f) Derivative preparation - m.s.
(g) t.l.c. - n.m.r.
(h) Electron capture - g.c.
(i) Abstraction gas chromatography
20.2 Precolumn trapping
This was a very sensitive means by which minute quantities of organic 
compounds were separated from an intractible source for analysis by gas- 
liquid chromatography. When used in conjunction with mass spectrometry,- 
identifications were obtained that would not have been possible by other 
methods. No difficulties were caused by the large concentration range of 
the volatile materials. Fortunately, those compounds having the highest 
concentrations (water, carbon dioxide, hydrogen sulphide, etc) gave no 
response to the flame ionisation detector though difficulties were caused 
when gc-ms analyses were made. Results were highly reproducible even 
though the column was dismantled for each determination. The columns used 
were very durable despite rapid heating from -80° to 73° in the absence of 
carrier gas, the presence of large amounts of water and other materials in 
the sample and the forcible removal of the column from solidified dry-ice.
The method was more sensitive than anticipated and considerable problems were 
caused bv contamination from various sources. Once these had been identified 
and removed the method was very reliable and the results reproducible 
considering the sensitivity of the technique. The only disadvantage was 
the relatively long analysis time.
Unlike Burnett1s method (47) slurry volatiles were removed at ambient 
temperature so that concentrates approximated the composition of the odour 
vapour closely. This major advantage of the headspace sampling technique 
(see section 4.3*5) v/as combined with the greater sample size and lower 
artefact formation of the trapping method. -
20.3 Low’ temperature distillation
Unlike the xorecolumn technique low temperature distillation brought 
about the total removal of all volatiles from the slurry without any form 
.of'heating^ thus artefact formation was avoided. Unwanted gaseous materials 
could be discarded by fractionation of the sample into various boiling 
ranges. This was important when the sample was subsequently to be analysed 
by g.l.c. where complete resolution of complex mixtures is always difficult. 
Unfortunately, the method did not perform well with predominantly aqueous 
systems in which the sample size was limited by the ability of the apparatus 
to contain large quantities of ice during the total transfer stage. This 
stage alone occupied twenty four hours and made the process very time con­
suming. Low temperature distillation was not, therefore, suitable for 
routine daily analysis of faecal slurry but was suitable as an alternative 
means of sample preparation for gc-ms. Total removal of volatiles allowed 
much smaller samples (10 ml) to be analysed with ease.
Good agreement was obtained (see chapter 15) between faecal volatile 
chromatograms obtained by precolumn trapping and low temperature distillation. 
This indicated that, because little was common to the techniques, no signifi­
cant systematic contamination took place in either method. Preparation of 
carbonyl 2,4-DitPH derivatives from faecal slurry, previously impossible, was 
facilitated by 'low temperature distillation. These compounds were present 
at concentrations too low to be detected by simple entrainment (chapter 16) 
and their identification by thin-layer chromatography allowed other 
identifications to be confirmed.
20.4 Mass spectral analysis of 2,4-DbrH derivatives
Mass spectrometry of 2,4-BNPH derivatives obtained by low temperature 
distillation was a rapid, method of analysis but lacked sensitivity. The 
technique did, hov/ever, give useful information regarding the molecular 
weight distribution of the carbonyl compounds present in slurry. Selective
aldehyde removal from the low temperature distillate with Toliens reagent 
removed ambiguity to a certain extent but not completely. Nonetheless, 
several carbonyl compounds were detected in faecal slurry including ethanal 
and furfural which were unequivocally indicated (see section 16.1) . Several 
of these (see section 2.4) were' detected in chicken manure by Merkel et.al. 
(46).
20.5 Abstraction gas chromatography
Abstraction gas chromatography was attempted, as an aid to identification 
on vapour samples prepared by the trapping technique. Traps containing cotton 
wool impregnated with a variety of dilute reagent solutions were placed - 
between slurry and desiccant in the trapping apparatus (see chapter 9) • b’he 
method was of limited utility through poor reagent selectivity at low vapour 
concentration and high absorption losses caused by the cotton wool. It 
was not possible to use any other form of abstraction with the precolumn' 
technique.
20.6 • Thin-layer■chromatography '
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Use of this technique was limited by the difficulty experienced in 
achieving good separation of a mixture of low molecular weight aldehyde and 
ketone 2,4-DNPH derivatives. However, some useful information was obtained 
and the compounds indicated were in agreement with those identified by 
gc-ms and retention data comparisons. Attempts to solve the problem by 
deuteration and selective aldehyde removal before derivative preparation met 
with only partial success,
- Contamination problems prevented additional analysis of t.l.c. separ­
ated material by n.m.r. This excellent technique for structure determin­
ation would easily have distinguished unseparated aldehyde and ketone 
derivatives. The method for the transfer of t.l.c. separated material to 
a micro n.m.r. cell was very efficient (approximately 10Qp>) . By using 
carefully purified silica gel for plate preparation and careful choice of 
eluting solvent the technique, would be capable of good results providing 
confirmation of gc-ms, t.l.c. and m.s. identifications of carbonyl compounds 
in faecal slurry.
20.7 Nasal appraisal
■'With limited equipment it .v/as not possible to fully utilise this method 
and only abundant constituents were detected because of the small size of 
column used. Nonetheless, the presence of toluene was confirmed by its very 
strong odour. Methanethiol and dimethyl sulphide were also detected giving
added confirmation of identifications based on retention data. It ws,s 
interesting to note the great diversity of odours which were present 
including “thiol, toffee-like, benzenoid, pear drops and buttery", one- 
particular compound had little odour but produced a. distinct nasal irritation. 
This illustrated the complexity*of the odour vapour and showed that the manure 
odour is derived from more than simply hydrogen sulphide, thiols and _ 
sulphides, though these are obviously the main contributors in the:anaero­
bic ally fermented slurry.
20.8  Gas chromatography mass spectrometry
The newly established combined instrument performed wall though careful 
optimisation of conditions was needed. The trapping method of sample 
introduction v/as very easily adapted for gc-ms' operation and the greater 
flow through the larger diameter column made its division unnecessary. The 
sensitivity of the instrument was less than expected and various methods we re
employed to increase sample size. These were only partially successful and 
better sensitivity to some compounds'was often gained at the expense of 
others. This was illustrated by-the removal of aromatic hydrocarbons and 
enhancement of carbon tetrachloride by centrifugation.
GC-MS sensitivity could have been further increased by using the 
total-ion monitor-as the sole g.c. detector and passing all g.c. effluent 
to the mass spectrometer. The silicone rubber membrane separator used was 
capable of accepting a flow rate of 50 ml/min. The disadvantage is the 
lower sensitivity of this method of detection and the disruption caused by 
the magnet scan. It is also useful for identification purposes to have a 
direct comparison between f.i.d. and t.i.m. responses to a particular 
compound.
These difficulties meant that several runs were necessary so that as 
many compounds as possible could be identified. Generally mass spectra 
were easily identifiable though in some cases considerable effort was 
required to extract the spectrum from background and interfering peaks, a 
task which would have been readily accomplished by an on-line computer.
In the absence of this, manual background subtractions were necessary which 
were very time consuming.
This work illustrated the usefulness of the mass spectrometer as a g.c. 
detector and the shortcomings of conventional packed column gas chromato-. 
graphy: well shaped chromatographic peaks often contained two and sometimes 
three separate compounds. Better resolution might have been obtained by 
using longer g.c. columns which, unfortunately, were not available at the 
time. However, provided that these compounds were sufficiently different 
in structure it v/as p»ossible to identify all such components even in the
presence of interference from overlapping peaks and background spectra. 
More valuable information would have been obtained had'it been possible to 
acquire relative retention data, a mass 'spectrum and an odour evaluation 
from the same sample. Even quite complex peaks would have been easily 
analysed-by this method.
CihiPTER 2/1
Tho metabolites, their -variation and the influence of persulphate
21.1 Identified compounds
The compounds identified with confidence by the various methods employed 
are listed in the following table:- .
Table 4-6 Identified compounds
Methane -
Carbon dioxide
Hydrogen sulphide
Ammonia
n-Propane
Methanethiol
Ethanal
Methanol
Ethanol - •
Acetone
Dimethyl sulphide
2-Propanol
2-Butanone 
• Furfural
2-Methyl propanal 
'3-Methylbutanal 
Benzene :
Toluene
Ethylbenzene
Chloroform
' ’ Carbon tetrachloride 
Indole
3-Methylindole
21 .2 The major malodorants
The major malodorant of fermented faecal slurry was undoubtedly hydrogen 
sulphide. This compound was always present in fermented (untreated) slurries 
at sufficient concentration to show an interference response in fla.me-ion- 
isation gas chromatography. Large quantities in the early chromatogram were
also indicated by gc-ms (see sections 13.2 and 13*4*2). In addition 
. sufficient hydrogen sulphide was developed by faecal-slurry (200 g) to 
blacken substantial quantities of crystalline lead acetate.
A smaller but significant contribution was.made-by- dimethyl sulphide, 
indole and 3-Methylindole, all of which were present in concentrations which 
must have been in excess of their odour threshold in untreated slurry.
Dimethyl sulphide and 3-methylindole were very efficiently suppressed by 
persulphate treatment; indole levels were largely unaffected. Methanethiol 
and dimethyl, disulphide, -two highly odorous compounds, were detected in 
faecal slurry by retention data, and gc-ms. However, both were found in 
approximately equal concentration in treated and untreated slurries (see 
chapter 14). The lack of sulphurous odour from the former showed these 
compounds to be below their odour threshold in.both treated, and untreated.slurrie:
A contribution was shown to be made by the -compounds ethanal, 2-methyl- 
propan'al, 3~methylbutanai,acetone, 2-butanone and possibly methylthiophene 
though most of these failed to develop significant concentration in untreated . 
slurry. Synergistic effects must be considered and compounds normally below 
their threshold concentrations may have contributed to the overall odour.
Similarly compounds without objectionable odour could become disagreeable in 
combination with others.
No mention has been made of two groups of compound normally thought to 
give rise to odour by putrefaction, namely the amines and fatty acids. No 
members of either group were detected by the various techniques employed.
Amines do not elute well from metal columns and the fatty acids' were.'rather 
too involatile to be easily detected. Persulphate treatment, because it 
lowers the pH of slurry would render amines involatile but would increase 
the volatility of the fatty acids.
It is well, at this stage, to reemphasise that this work was not 
concerned with analysis of the total manure odour but with elucidation of ■ A
the action of ammonium persulphate of which the more volatile metabolites 
were felt to be a better indication. Amines and fatty acids obviously 
contribute to the overall odour of faecal slurry but were unlikely to be 
present in sufficient concentration to be major malodorants.
21.3 Chloroform and carbon tetrachloride
The presence of these compounds in faecal slurry was indicated by gc-ms 
and confirmed by electron-capture gas chromatography which removed many 
interfering compounds. The modified steam distillation procedure (see 
section Ib.p), proved very successful for removal and concentration of these 
compounds whose levels (0 .01-0.1 ppm based on wet weight) were considerably
higher than those found in food and'animal tissue. Both treated and untreated
slurry contained approximately equal levels of these compounds indicating 
that they are not produced by the action of persulphate on slurry constit­
uents.
21 .4 The metabolites -
A large number of the identified compounds were the result-of ferment­
ation of a varied substrate by an equally varied bacterial population.
These included carbon dioxide, hydrogen sulphide, hydrocarbon gases, 
aliphatic alcohols, thiols, sulphides, disulphides, aldehydes, ketones and 
nitrogen heterocycles. Compounds were also identified which were unexpected. 
These included methanamide, methylthiophene, iodomethane, chloroform, carbon 
tetrachloride, benzene, toluene and ethylbenzene. The first three of these 
were poorly substantiated but the chloromethanes and aromatic hydrocarbons 
were repeatedly identified by several techniques. Furthermore they were 
often present in high concentration, benzene and toluene often dominating 
the chromatogram. Many of these compounds are frequently encountered in 
the laboratory, however, expensive routine checks were performed and no 
interference from the laboratory atmosphere was detected. The flushing 
apparatus headspace was a small‘proportion of the total gas passed through 
the apparatus during sample trapping, amounting to 4/t for an analytical 
(1 hour) trapping and 0.3% for a gc-ms (6 hour) analysis. To minimise 
'dead volume effects' the apparatus headspace was swept by purified nitrogen 
gas before commencement of each run.
Further proof of the authenticity of these compounds was given by 
their marked and systematic concentration differences (particularly in the 
case of the aromatic hydrocarbons) between treated and untreated, slurries. 
Similarly it seems unlikely that the same compounds would be present in a 
laboratory atmosphere for the length of time over v/hich this investigation 
was carried out.
21,3 The origin of unexpected materials
The results of this work may profitably be compared with those of 
Stahl (138) who utilised g.c. and m.s. to study volatile compounds produced 
in meat by radiation. Hydrogen sulphide, methanethiol and ethanethiol were 
detected in raw meat and increased in concentration by moderate amounts of 
radiation. Dimethyl sulphide, dimethyl disulphide, ethanal and other 
aldehydes, 2-butanone, methanol and ethanol were not presenb in raw meat 
but were produced by irradiation. Benzene, toluene and ethyl benzene were 
also produced in decreasing order of abundance. Stahl suggested that these 
compounds were derived from the aromatic amino-acids phenylalanine and 
tyrosine though the latter would be expected to give rise to hydroxy derivatives.
It is possible for ethylbenzene to arise from successive reductive 
deamination (see section 3*2.2) and decarboxylation ( 23k-) of phenylalanine:-
p^CH-COQH CH-CH-COQ H P1-ch3
Similarly benzene may be expected to arise from/)- oxidation (?2) of
3-phenylpropanoic acid and subsequent decarboxylation of the benzoic acid 
formed: -
Toluene■would be expected among the products, of anaerobic decomposition 
of phenylalanine■with liberation of hydrogen (see section 3 *2.6) although, 
the mechanism is not clear. Alternatively decarboxylation (see section 
3 *2.3) with subsequent decomposition to toluene may occur, a reaction 
reported with tyrosine yielding 4-hydroxytoluene. The almost instantaneous 
rise in the levels of aromatic hydrocarbons is possibly due to a reaction 
similar to that reported in 1314 by C-ordon (32) . This worker showed that 
persulphate reacts with certain aliphatic acids to give rise to the 
corresponding alkane, carbon dioxide and several unsaturated products. 
Therefore, reaction with benzoic, phenylacetic and phenylpropanoic acids 
would be expected to give rise to benzene, toluene and ethylbenzene 
respectively. All three acids can arise by bacterial action on the amino- 
acid phenylalanine.
Another source of aromatic compounds is the structural material lignin 
(233) although results indicated that decomposition of this material is 
slow and that benzene ring opening occurs giving acidic products. It is 
possible that benzene and its alkyl derivatives are formed transiently 
though this is not likely to contribute greatly to the concentration of these 
compounds in faecal slurry.
.CHr CH-COOH
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■ ^1 *6 • Halogen at ed compounds -
The presence of the halogenated compounds chloroform and carbon 
tetrachloride is more difficult to explain as their natural occurrence is 
considered rare (236, 237)• Chlorinated hydrocarbons were not present in 
the animal feed and a careful check on all other administered'materials 
(injections, udder washes, feed treatment, etc.) failed to discover any 
likely source of these materials. Some products used for cleaning dairy 
parlours and byres are, however, chlorine based (238).
Chlorinated hydrocarbon pesticides such as DDT, Dieldrin, Lindane, 
Chlordan, Heptachlor and Aldrin all lose hydrochloric acid when metabolised 
by bacteria (239) • Halocarbon formation from this source has not been 
reported.
The most likely source of these compounds was the drinking water supply 
but time did not permit this hypothesis to be substantiated. Laseter (260) 
found that chlorination of Mississippi river water for human consumption 
caused large increases in the levels of"chlorinated hydrocarbons. Chloroform 
a suspected carcinogen, occurred at levels in excess of lOOpg/l. This is 
the same order of magnitude as the levels of this compound found in faecal 
slurry by electron-capture gas chromatography. Carbon tetrachloride, known 
to cause cancers in mice and rats, was also present in moderate concentration 
The same author also detected several chlorinated compounds (including carbon 
tetrachloride) in human blood plasma.
Bellar et.al. (261) reported the occurrence of several halomethanes in 
•chlorine treated-surface waters, chloroform being present in quite high 
concentration. This was assumed to arise by means of the haloform reaction 
involving ethanol which was also found in the waters:-
CH3CHaOH + CH3CHO  COfbO  —*  CCIpH (O H )^C H CI3
Chlorinated hydrocarbons were also found, at low concentration, in 
the atmosphere and appear evenly distributed throughout the globe (262). 
Lovelock (263) found that chloroform and carbon tetrachloride occurred at 
levels of 20 and 120 parts per million million (p.p.m.m.) respectively.
This author stated that the estimated present mean concentration of carbon 
tetrachloride in the atmosphere exceeded by a factor of L>.0 the concentration 
that would be x'roduced (2.3p»p*m.m.) if all the carbon tetrachloride 
manufactured before the end of 1972 wei’e released into the atmosphere. 
Lovelock pro£>osed a natural source of this compound originating from reaction 
between tropospheric methane and chlorine which has been shown to occur in
air at low concentration (263). Marine algae have also been found to emit 
chlorinated hydrocarbons (264)
Analysis of rain water, rivers, municipal water supplies and the sea
(265) have shown a wide distribution of a variety of ha'logeno-hydrocarbons, 
including chloroform and carbon tetrachloride, at the jjg/kg level. ■ A 
variety of foodstuffs have been found to contain appreciable quantities of 
chloroform and carbon tetrachloride (266) particularly those with a direct 
animal or vegetable origin. The highest levels were found in Cheshire 
cheese. (CHCl^ = 33 jjg/kg and CCl^ = 3 JJf/kg), butter (CKCl^=22jJd/kg and 
CCl^ = I4^g/kg), and potatoes (CHCl^ = 18 jjg/kg and CCl^ = 8 jjg/kg) .
This suggeststhat low levels of halogeno-hydrocarbons in the atmosphere are 
concentrated by living matter. Even higher levels of these compounds have 
been found in human tissue, mainly in the body fat (60 pjg/kg) presumably 
because of the high lipid solubility of these compounds. It is not 
unreasonable to assume that cattle accumulate halogeno-hydrocarbons both 
from air, water and their intake of plant materials. As faeces are a fatty 
emulsion one would expect accumulation of these compounds in it from the 
mainly aqueous body fluids. Normal human urine also contains moderate 
quantities of chloroform (13^ )•
The discovery of iodomethane was surprising because of its extreme 
lability particularly when exposed to high temperature metallic surfaces 
within the gas chromatograph. However, iodomethane has been detected in 
air by this method by Lovelock et.al.(264) who suggested it to be a key 
compound in the natural cycle of iodine betv/een sea and land.
Comparison of the- results of this investigation with the volatile 
compounds found in normal human urine (13&) shows a good degree of 
similarity:-
Table 47 The volatile components of human urine
2-prop anone
2-butanone 
Ethanol 
Prop anal
3-me thyl-2-but anone 
2,3~butanedione
2,3“dimethylfuran
2-rpentanone 
2,4~ 3i me thylf u r s:a 
Chloroform .
4-methyl-2-pentanone 
) 3-me thyl-2-pent anone
Table 47 (continued)
Toluene
Dimethyldisulphide 
3-hexanone
■2,3 *3~trimethylfur.an
3-methyl-3-hexanone
3-pente n-2-o ne
1-methylpyrrole
1-butanol
4-heptanone
2-heptanone
3-niethylcyclopentanone
3-octanone 
■■Methylpyr&zine
2-propenyli sothiocyanate 
- 2,3-dimethylpyrazine 
furfural • ■
2,3 ,3  rime't hylpy r a z i ne
2-rne thyl- 6 - e t hylpy r az i ne
Pyrrole
2-no nano ne
Acetylfuran
2-methylpyrrole
Dimethylpyrrole
Carvone
Piperitone
4-hydroxytoluene
It should be noted that toluene was detected but not benzene or 
ethylbenzene both of which are more easily rationalised in terms of amino- 
acid catabolism. Other authors (26) have identified benzene in human urin
21 .7 The deodorant action
Ammonium persulphate was a most effective deodorant for faecal slurry 
whether added to fresh or actively fermenting slurry. In all cases the 
malodour was completely removed and rapidly replaced by a fungal odour 
reminiscent of damp wallpaper. A dosage of xi/vi was generally used but 
0.1 c/o persulphate gave good odour control. The effective period was long 
and samples treated with \°Jo persulphate remained odourless for periods in 
excess of six months and several samples developed little odour after two
years. Such extended deodorisation suggests that the action of persulphate 
is far from straight forward, particularly as it was shown (see fig 20) that 
persulphate was rapidly consumed by slurry. Also a range of compounds-not . 
normally found in slurry was produced by treatment which may have had an 
influence on odour suppression,
2 1 The variation of odour compounds •
Intense bacterial activity causes the composition of fermenting faecal 
slurry to change continuously. Large molecules (polysaccharides, poly­
peptides, etc.) are continually degraded to smaller molecules, some odorous. 
Similarly, small molecules are utilised as energy sources and precursors in 
the synthesis of other large molecules as required. At the same time there 
is a gradual accumulation of waste products, though few compounds are not 
utilised in some way. The whole system is, therefore, in a state of flux 
and it was the intention, of this work to study the influence of persulphate 
on the changes occurring upon fermentation of faecal slurry.
Methanethiol, dimethyl sulphide and dimethyl disulphide were frequently 
identified in bovine faec'al slurry, the concentrations showing considerable 
variation with time. Comparison of treated and untreated slurry showed 
that of these only dimethyl .sulphide was noticeably suppressed by persulifnate 
addition. This strcng malodorant, which resembles boiled cabbage, was shown, 
to develop quite high concentrations in untreated slurry as shown in fig.. 100*
It v/as unusual that no reduction in the overall levels of methanethiol 
was observed after persulphate treatment. Mild oxidants (air, hydrogen 
peroxide, cupric chloride and sodium hypochlorite) convert thiols to disulphides 
and vigorous oxidants (nitric acid) take the process further to sul'phonic 
acids (24-b). It is possible that the'low pH-decreases the solubility of 
the acidic thiol and protects it against oxidation.
The different behaviour (see Fig. 101) of methanethiol in treated and 
untreated slurry is worthy of attention. The less erratic behaviour of 
this compound in untreated slurry is probably due to retention of this 
highly volatile .compound in gas bubbles resulting from fermentation.
21 *9 Indole and 3-methylindole
3-methylindoIe has always been regarded as the odour principle of 
faeces though the carefully purified compound is reported to have no odour
(266). The slightly impure compound has a very disagreeable penetrating 
faecal odour at low concentration. In high concentration the odour of both 
indole and 3-methylindole resembles that of naphthalene.
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In -untreated slurry the concentration of 3-^othylindole was found to 
increase steadily and then to decrease (see Fig. 12).. This behaviour 
suggests that the compound, is being simultaneously produced and c&tabolised, 
■the former p re dominating in the early stages. Addition of persulphate (l£o) 
prevented this increase though the levels of indole were unaffected, showing 
a stead}' decline in both treated and untreated slurries.
3-aethylindole levels reach a maximum after 5-10 days (see Fig. 12).
This is evidence against alchemical, reaction as this would only result in 
a delayed attainment of maximum-concentration because of the short slurry 
lifetime of persulphate. The action must be to render the medium inhospitable 
to the bacteria which produce 3“*nethylin:'cLole either by increasing the levels 
of dissolved oxygen or hydrogen ion concentration of the sluriy. Deamination, 
which gives rise to 3-niethylindole, v/as shown to be inhibited by low7 pH
(269).
Indole is obviously not produced after excretion and gradually disappears 
through met abdication or volatilisation. This is further evidence against 
chemical reaction with either indole or 3-methylindole which have similar 
structures. It would appear that persulphate does not behave as a strong 
oxidant in faecal sluriy as both heterocycles are relatively unstable to 
oxidation.
It is obvious that the faecal odour is more complex than a simple 
combination of three compounds (hydrogen sulphide, dimethyl sulphide and
3-methylindole) although these are the major contribution. Small contri­
butions are made by a variety of compound classes including aldehydes, 
ketones, organic acids and ammonia. These, however, are not responsible 
for the very disagreeable odour of anaerobically fermenting slurry.
21.10 Carbonyl compounds
Persulphate also brought about changes in the levels of less odorous 
materials, particularly acetone, 2-methylpropanal and 2-butanone which were 
usually higher-in treated slurry. Ethanal was not detected in routinely 
trapped samples and i^ethylbutanal was partly' obscured by a simultaneously 
eluted peak due to benzene. The increase in acetone concentration was 
particularly rapid (see Fig. 102).
The restriction of carbonyl compounds to treated slurry v/as demonstrated 
by analysis of carbonyl derivatives prep cured by low temperature distillation. 
No precipitate was obtained when the distillate from untreated slurry was 
treated with an aqueous 2,4-DI-IPH solution.
Carbonyls were shown to be present in chicken manure (46,47) they
are reported in flavour extracts of a wide variety of foodstuffs.
They have been found to contribute to the flavour and aroma of bread 
(27O-274), cooked chicken (275,276), cultured dairy products (144*145*277# 
278), bilberries (146), strawberries (122, 279) and cooked red meats.
The carbonyls from the last of these are similar to those found in 
treated faecal slurry. Ethanal and acetone were detected by Kramlicli and 
Pearson (87), 2-me thy lprop anal, 3-me thylbutanal and 2-butanone by Bender and 
Ballance (140) and methanal by-Hornstein et.al.(280). In this case it is 
the action of heat, by means of the Strecker reaction (281), which produces 
carbonyls from amino-acids. Similarly wine volatiles contain ethanal, 
propanal, 2-methylpropanal and 3-methyIbutanal (282). Ethanal is the 
penultimate intermediate in the transformation of glucose by yeast enzymes 
and is the first product of oxidation when wines deteriorate through improper 
storage.
The methyl ketones 2-heptanone and 2-nonanone which are key flavour 
compounds of blue cheese (283-285) were thought to originate from fatty 
acids by /^-oxidation (see section 3*5)* But anone was found in high concen­
tration in cheddar cheese (286-288) and was thought to result from reduction 
of 3-hydroxy-2-butanone to 2,3-butanediol which was dehydrated to the ketone:-
C H rC -C -C K  CH—  C H -C -C K  C H - C H - C H -C K3 » ii 3- _ v  3 | „____ 3____  3 1 1 3
o  O ? OH O *  OH OH
CH—C H -C H -C H , CH,— C — CH— CH
3 1 2 3 _ 3 II a 2>
OH---------------- * -------- O
Recent work by Keen and Y/alk&r (11 o) identified a large number of 
methyl ketones in cheddar cheese using solvent extraction and subsequent 
thin-layer chromatography of the 2,4-DNfH derivatives. These were thought 
to be formed by breakdown of ft-keto acid esters, aided by weak catalytic 
activity of lipoprotic enzymes (289).
Species of Aspergillus and PeniciIlium effect incomplete oxidation of 
certain fatty acids to methyl ketones. 2-Butanone is produced from pent- 
anoic acid and 2-methyltridecanone. from tetradecanoic acid (67) . Aldehydes 
are intermediate in hydrocarbon degradation by.microorganisms. Y/hen 
oxidation occurs at a methyl ketone is produced. Certain microorganisms 
(e.g. Mycobacterium smegmatis) do both.
There is no evidence to suggest that carbonyls are produced prefer­
entially by aerobic or anaerobic fermentation. The bacterial degradation 
of glucose by. Clostridia to produce 2-pror>anane takes place under strictly
anaerobic conditions whilst the degradation of aliphatic hydrocarbons (29O)
♦
occurs under aerobic conditions. Carbonyls are not, therefore, good indic­
ators of sluriy aerobiasis. However, the formation of 2-propanone,
1-butanol- and 2-propanol, by means of the butyric acid fermenta/tion (see 
section 3«4«3) is favoured by a pH value of less than 6 (68,69). This 
effect, combined with the additional presence of a strong oxidant is a 
possible reason for the production of acetone and other carbonyls in 
treated faecal slurry.
Methyl ketone formation by decarboxylation of the corresponding /J-keto 
acid is well documented (291). It is also known that decarboxylases are 
produced only under acid conditions. Gale (292) found that the optimum 
pH for decarboxylase activity v/as between 4 and 5* which is the pH attained 
by 1/b treated slurry. This then could be a factor governing the increased 
production of carbonyls by treated slurry.
21.11 Other compounds
Relatively odourless volatile slurry constituents showed some of the 
most marked variations in concentration. Compounds affected were n-prooaiie, 
benzene, toluene and ethylbenzene, the last of which does not occur in 
untreated slurry.
The production of aliphatic hydrocarbons higher in molecular weight 
than methane is rare (71 ) • However, m.s. analysis has revealed the evolution 
of n-propane and other aliphatic hydrocarbons during the rotting of cellulose- 
manure mixtures. Pure fungal cultures also gave rise to ethene, 1-propene, 
ethane, propane and ethyne (293)• The rapid increase in n-propane concen­
tration followed by a gradual fall (see Fig. 103) suggests that it is 
produced chemically.
The evolution of benzene and its alkyl derivatives also takes place 
rapidly suggesting that these also are products of chemical*reaction.
However, alkylbenzenes are themselves susceptible to oxidation to benzoic . 
acid and would not be expected to arise in this manner. It is also note­
worthy that all three compounds may arise by decarboxylation (see section 21 .5 ) .
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Their levels would thus be expected to increase as a result of higher 
decarboxylase activity at low pH.
21 ••1 2 The production of methane and carbon dioxide
The rate of methane production is a good indication of persulphate 
action. This compound is unlikely to be susceptible to oxidation by per­
sulphate ana concentration changes taking place as a result of treatment 
may be assumed to be due to action on the microflora. Hethane is also 
useful because it is only produced under strictly anaerobic conditions (see 
chapter 17) and provides a sensitive indication of aerobiasis. It can be 
seen from fig. 97 that treatment severely inhibits th§ methanogenic 
micro organisms probably by aerobiasis. The low toxicity of persulphate is 
demonstrated by the continued production of carbon dioxide. Production does, 
however, slow after three days indicating possible inhibition by low pH.
21.13 The rate of decomposition of persulphate in slurry
Variable results were obtained by studying the decay of persulphate in 
faecal slurry. These showed, as expected, a moderate rate of decomposition. 
Total breakdown•occurred in 4-5 days showing the extended period of 
deodorisation to be possibly the result of compounds produced by persulphate 
oxidation.
Addition of persulphate to fermented sluriy resulted in its being more 
rapidly consumed. This shows that persulphate undergoes rapid initial 
reaction with labile compounds and explains the rapid deodorisation of 
actively fermenting slurry.
A long term study of persulphate consumption (daily measurements) 
indicated a logarithmic decay in persulphate concentration (see Fig. 20) . 
However,'a-short term-study'.during which several measurements were made 
within 43 hours showed that a more rapid decay took place (see Fig. 20).
ThLff behaviour is consistent with rapid initial consumption of labile 
compounds followed by catalytic persulphate decomposition. According to 
House (18) the rate of persulphate decomposition should be independent of 
the concentration of the oxidised species. However, because of induced 
persulphate decomposition from substrate radicals the rate, is often found 
to depend upon this parameter (294). This effect is accentuated-when the 
results of Fig. 20 are plotted logarithmically (see Fig. 104). This 
demonstrates that the reaction is pseudo first order after approximately two 
hours.
Fig 104 persulphate consumption by faecal slurry - logarithmic plot
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Evidence suggests that faecal slurry contains a variety of metals 
capable of catalysing the decomposition of persulphate. Copper salts, for 
instance, are often added to cattle feed in order to promote rapid growth.
A feed additive v/as used on the farm from which the samples were taken for 
the present work. This gave rise to the following metal-ion concentrations 
in the feed when mixed according to the manufacturers (295) recommendations
p 2+Cu . 2QA ppm
2+ 
Fe + = 56.2 ppm
« 2+ Zn = 105 ppm
Mg2* 296 ppm
Co2* = 2.2 ppm
Mn2*/. >  112 ppm
The decomposition of persulphate is very susceptible to metal-ion 
catalysis by Ag+, Cu2* and Fe2 *" ('i6).
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CHAPTER 22
The duplication of the action of ammonium persulphate
As explained earlier, pota.sslum chlorate v/as chosen as an oxidant of 
comparable strength to ammonium persulphate because it did not generate 
oxygen by catalytic decomposition, formaldehyde was added to study the 
action of a non-oxidising antibacterial agent. The untreated slurry had 
an unpleasant odour throughout which gradually changed from faecal to 
sulphurous; large quantities of hydrogen sulphide were also evident. The 
development of a cabbage-like odour (day 7) indicated moderate quantities 
of dimethyl sulphide. A high rate of gas production, indicating bacterial 
activity also occurred.
2^.1 Persulphate treated slurry
The sample.possessed only a slight fungal odour throughout the . 
analysis period showing persulphate to be an effective deodorant. As usual 
treatment was characterised by development of a thick growth of filamentous 
fungi. This growth was attributed to the development of acid conditions 
to which moulds and fungi are more tolerant. This tolerance is shown by 
the following table of optimum pH values for a number of species found in 
faecal slurry (see chapter 2). The fungi cited are not normally found in 
slurry but are indicated for comparison.
Table 48 pH values optimum for growth of microorganisms (66).
Organism pH(min) pH (max) pH(optimum)
BA ( Streptococcus viridans 
(C > H. Coli 
T ( Aerobacter aerogenes
hi /
R > Proteus vulgaris 
I^ ( Bacillus subtilis
4.5 8 .0 6.8-7 .8
4.3 9.5 6 .0-7 .0
4*4 9.0 6 .0
4.4 9.2 6 .5
4.3 8.5 6.0-7.5
Saccharomyces. cereviseae ' 2.4 - 4 .0-5 .0
Marasmus graminium 3.0 9.0 6 .9
Phycomyces blakesbeanus 3.0 7.3 3.6-4.1
G-as production was low in the persulphate treated sample showing 
reduced bacterial activity. In accordance with previous experiments the 
pH of persulphate treated slurry fell rapidly to below 5j continuing to fall
slowly to a value of 4 .5 within 14 days. This was inconsistent with
previous findings (see section 8,3 .4) that persulphate was also consumed 
by freshly collected slurry within 4"5 days. This could be due to 
persulphate oxidation*products which continue to decompose, further reducing 
the pH. Another explanation stems from the demonstrated observance of 
Le Chateliers principle by microbiological systems (2JQ). Thus micro- 
. organisms'attempt to neutralise influences, particularly pH changes, which 
are harmful to their growth. A rapid fall in pH causes the death of bacteria 
thriving at or near neutrality and creates conditions conducive to the 
growth of moulds and fungi. These grow more slowly-than bacteria and are 
not usually found competing with them. Once a sufficient fung?.l population 
has developed conditions are maintained which are optimum for its growth, . 
•namely low pH. - >
22*2 Chlorate treated sample
This was similar to the persulphate treated samples, the odour was 
reduced although sulphurous elements were' detected after a short time 
(2-3 days). The rate of gas production was intermediate between blank end 
■ persulphate treated slurries. The pH of the chlorate, treated slurry followed 
very closely that of untreated slurry showing that pH reduction, whilst 
important, was not solely responsible for deodorisation. Evidently the 
presence in solution of an oxidising agent had an inhibitory effect on the • 
■microorganisms.
22.3 Formaldehyde treatment
The sample treated with formaldehyde (l/£ vv/w) showed no tendency to 
produce malodour throughout the analysis period.(12 days) and it was 
evident that all growth had been stopped. Little pH variation took place 
in the medium which remained between 6.3 and 7*0• A negative change in 
sample volume (Fig. 73) was attributed to the smaller volume occupied by 
dead bacteria and their resistant endospores.
22.4 Variation in volatile metabolites -
Increased levels of n-propane found in previous persulphate treated 
slurries (see section 21.11) were also shown in this series of experiments. • 
(Fig. 103), the variation with time took place in an identical manner, levels 
in other samples remained low. ■ ■
The moderate success of chlorate treatment was shown by the rate of 
production of dimethyl sulphide (Fig. 106). This was intermediate between 
that of persulphate treated and untreated slurries. These findings agree 
well with organoleptic assessments of slurry (see chapter 14) and reaffirm 
the origin of the cabbage-like odour (dimethyl sulphide) of the untreated 
slurry. .
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2~Butanone levels (Jig. 107) were generally lower in chlorate treated 
slurry than in the untreated material indicating that it is produced as a 
result-of-pH lowering rather than the presence in solution of an oxidising 
agent (see section 21-.10).
The levels of benzene and toluene (see table 35) in both chlorate 
treated and untreated samples were similar and much higher in the persulphate 
treated samples. This again suggested that these compounds are formed by 
direct, persulphate action on substrate components. Subsequent small increases 
are then caused by the metabolism of surviving bacteria. Increased lignin 
decomposition accompanying aerobiasis (see section 21.5) would have caused 
a very slow increase in the levels of aromatic compounds. It is, however, 
inconsistent that readily oxidised compounds such as the alkylbenzenes 
(see section 2.1.5) should be produced by such a strong oxidant as persul­
phate. ■
22.5 The action of chlorate at low pH
The results so fsr indicate that the effectiveness of persulphate 
treatment is due to a combination of its oxidising and pH reducing power.
For this reason the action of chlorate at an artificially reduced pH was 
studied in an attempt to duplicate the effects of persulphate treatment.
The pH of a sample of faecal slurry was reduced to 5 hy addition of hydro­
chloric acid (2N). The buffer properties of the slurry required addition 
of 1.5 litres of this acid to 6 litres of slurry to change it from pH8 to 
pH5« In the absence of buffer action the volume 'required'would have been 
0.03 ml. •
If all persulphate add.ed to slurry (i/o) were decomposed according to 
the equation:-
<NH^ SP* + Ha° -— — > +■ iqsop^
a pH of unity would result. In the presence of buffer action it is unlikely 
that this mechanism could be solely responsible for the pH reduction of 
persulphate treated slurry.
The buffer action probably results from the presence of carbonaceous 
material (stone), readily hydrolysed materials (esters and fats), fatty 
acid salts, amino-acids and proteins all of which have a buffer action and 
prevent the accumulation of high hydrogen ion concentrations. Persulphate, 
however, should give rise ‘to weak acids to whom this buffer action is less 
effective. In the absence of buffering the build up of organic acids in 
untreated slurry would soon terminate the fermentation process.
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The pH variation of the acidified blank did not duplicat e the effects - 
of persulphate treatment (see Fig. 74) • Whilst the pH of persulphate treated 
sluriy continued to fall throughout a three week period the artificially 
acidified sample showed a. gradual increase throughout. It was clear that 
eventually the pH of the sample would have returned to neutrality.
This suggests that persulphate has'two modes of action. A pH reduction 
from substrate interaction first occurs. This has little effect on the 
fungal population but causes a reduction in the number of bacteria. The 
additional presence of the toxic persulphate thus brings about a further 
reduction in the more sensitive bacteria, which have a weaker cell wall.
Moulds do not multiply in the absence of oxygen whereas a great many bacteria 
are capable of anaerobic growth. Presumably persulphate, because of its 
relation to hydrogen peroxide causes oxygenation of the system. This 
allows the fungi to predominate and produce the acid conditions in which 
they thrive inventing reestablishment of bacteria in significant numbers.
Addition of hydrochloric acid to pHp was insufficient to cause enough 
reduction in bacterial numbers to allow fungal predominance and obeying 
Le Chatelier1s principle they reestablish neutrality.
This hypothesis is supported by the fact that persulphate produced a 
more intense fungal growth than acidification which in turn produced a 
more intense growth than the untreated sluriy. Lev/is (39) reported that 
the addition of persulphate to bovine faedal slurry caused a marked overall 
reduction in the populations of both aerobic and anaerobic bacteria and a 
significant increase in fungal counts.
The importance of pH reduction to deodorisation is demonstrated by the 
complete removal of sulphurous and faecal elements from the odour of fermented 
slurry by acid treatment alone (see section 14*4»3)• The presence of CIQ^ 
did not appear to enhance odour control. The fatty odour present in acid 
treated samples was probably due to hydrolysis of fats to fatty acids 
which have an unpleasant odour. Volatilisation of these compounds is aided 
by an acid medium. Lewis (39) demonstrated the importance of pH in the 
action of persulphate by the use of buffered cultures of bacteria which were 
shown to be more resistant to persulphate. The complete cessation of 
fermentation by acid treatment was indicated by changes in sample volume 
(see section 14.4«5) and was similar to formaldehyde treatment which was 
assumed to have killed or rendered dormant all microorganisms.
The variation of n-propane levels (Fig. 108) in this series showed', 
that neither neutralnor acid chlorate was responsible'for its production 
which -was restricted to the action of persulphate.
Dimethyl sulphide levels (Fig. 109) showed that whilst acid alone 
prevented accumulation of significant quantities of this compound the additional 
presence of chlorate increased the removal efficiency. The combination 
was not, however, as effective as persulphate in lowering the levels of 
dimethyl sulphide.
2-Methyl propanal- (Fig. 110) showed, consistently higher levels in 
both oxidant-containing solutions; the levels in the acidified blank (apart 
from one spurious result) and those in the untreated blank were aero.
The levels of benzene and toluene .were lew in all but persulphate 
treated slurries showing the special.nature of this oxidant.
22.6 The action of persulphate on sterilised slurry. —
In order to establish whether compounds produced by persulphate treat­
ment arose from chemical reaction with the substrate or from the effect of 
changes in pH or oxygen concentration on the microflora its action on 
autoclave sterilised slurry was examined (see section 14.5)•
Measurements (see section 14.5) indicated that sterilisation of slurry 
caused its pH to fall more, rapidly and remain lower on persulphate treatment. 
This is due to the removal of volatile metabolites by evaporation or 
decomposition in the autoclave. The lower pH of the sterile sample further 
illustrated that persulphate reaction with the substrate or its catalytic 
decomposition was responsible for the fall in pH on treatment. Untreated, 
sterile slurry was found to have a pH close to neutrality and some 0.5 
units lower than the blank sample which further indicated removal of volatiles 
(mainly acidic) in the autoclave.
No volume change (see section 14*5.6) occurred in persulphate treated 
sterile slurry and that in persulphate treated, non-sterile slurry was small 
showing residual microbial activity.
Less n-propane was produced by the action of persulphate on sterilised 
slurry (Fig. 111). This hydrocarbon may be produced by both chemical and 
bacteriological processes, the latter being terminated by sterilisation and 
enhanced by aerobiasis. Secondly, the compound may result from the action 
of persulphate 011 a heat-labile precursor. Both explanations account for the 
lower levels of this compound after heat treatment. The former was supported 
by the continued production of n-propane in the unsterilised treated sample 
compared with the sterile sample. Also, n-propane v/as shown to be produced 
in small quantities by untreated slurry,
Dimethyl sulphide levels (Fig. 112) again showed this compound to be
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produced in large quantities by fermenting slurry. This v;as substantiated 
by organoleptic assessment which indicated the development of a typical 
cabbage-like odour. Suppression of this compound in the sterile blank 
indicated the efficiency of the sterilisation process.
The behaviour of the aromatic hydrocarbons in this series is very 
interesting. Figs. 113? 114 'and 113 show that the levels of benzene, toluene 
and ethylbenzene are almost identical immediately following treatment of 
both sterile and non-sterile slurry. However, after 3 days in each case the 
levels became widely divergent, particularly for toluene. Further, all 
three compounds showed a marked increase between days three and four -in the 
non-sterilised treated sample. The difference between sterile and non- 
sterile samples was maintained'for 'the. remaining 7 days of analysis. This 
pattern of behaviour suggested that all three compounds were simultaneously 
produced from the same source.
CHAPTER 23
The deodorant _action ■
The results obtained have given rise to a number of conclusions 
regarding the action of persulphate on faecal slurry though it is evident 
that no single property was exclusively responsible.
23 • 1. Effect of pH
The decrease in pH caused by persulphate treatment was shown to play 
a large part in odour control. Salle (63) stated that 1 germicidal activity 
is proportional to the concentration of the hydrogen ion".
The addition of acid alone was found to give moderate, short term, 
odour control. As fungi are more acid resistant than-bacteria the result 
of acidification and of persulphate treatment should be to remove bacteria 
and increase the fungal population. Eungi grow more slowly and are not . 
found in situations where they must compete .with bacteria. If a sufficiently 
'large fungal population were produced then "by analogy with Le Chatelier1s. 
principle acid conditions should be maintained by the predominant species. 
Simple acidification did not appear, therefore, to bring about sufficient 
reduction of the bacterial population to allow this to occur. Also, hydro­
chloric aoid is more reactive than the acidic products v/hich might be 
expected to arise from- persulphate interaction with slurry and would, there­
fore, be more rapidly consumed by various reactions.
23.2 Aerobiasis
The direct relationship between persulphate and hydrogen peroxide 
means that it is also likely to give rise to oxygen in aqueous solution,
(Pig. 116) especially under the influence of metal ion catalysis:-
Pig. 116 The aqueous decomposition of persulphate (18)
s2°82~   2SV
SO. T + Ho0 -- '---HSO. ~ + OH*4 2 4
2 OH* ----■— HgO + 0
It is, therefore, to be expected that ammonium persulphate would cause an 
increase in the dissolved oxj^gen content of the sluriy. This effect was 
studied by Lewis (33) who measured slight increases in the dissolved oxygen
content on persulphate treatment. This worker also noted a slight increase 
in the numbers of aerobic bacteria following treatment and an overall drop 
in the total numbers of bacteria detected. Alternatively, persulphate may 
be metabolised directly as an oxygen source. A substantial proportional 
increase in the number of aerobic bacteria must, therefore, result from 
persulphate treatment and indicates that aerobiasis doe’s occur. Since it 
is the anaerobic bacteria which are responsible for malodour formation this 
constitutes another means by which slurry is deodorised by persulphate.
In the absence of-oxygen.as an electron acceptor in microbiological reactions 
use is made of .sulphur and nitrogen containing compounds. The end products 
of the metabolism of these are usually'odorous compounds of which the most 
important is hydrogen sulphide... The deodorant action of nascent oxygen in 
solution was shown by Summer (296) .who demonstrated that waters containing 
large quantities of amines, thiols, hydrogen sulphide and methyl .sulphides 
when treated with atomic oxygen became taste and odour free. Levels of 
these compounds fell to below 0.5 ppm in a few minutes.
23 »3 Osmotic pressure
The bacterial cell wall is a semi-permeable membrane. When the ionic- 
strength of the surrounding medium is increased'there is a:tendency for water 
to diffuse through the ceil wail to neutralise the difference causing cell 
plasmolysis. The-addition of any electrolyte (such as ammonium persulphate) 
to faecal slurry would, therefore, be expected to reduce the bacterial 
population. This effect is probably responsible for odour control of sewage 
sludge by dosage with sodium sulphate, the sulphate ion being. of low toxicity 
to bacteria (297)• As the decomposition of ammonium persulphate:causes a 
large increase in ionic strength this effect will obviously be important in' 
odour control, furthermore, the sulphate produced is unlikely to be 
metabolised 'in such a hostile environment and could contribute to the 
extended deodorant action. There is also evidence (65) that bacteria are 
more susceptible to adverse influences under conditions of high or low pH.
25.4 Persulphate toxicity
Persulphate is also moderately toxic to microorganisms. Aiquel (297) 
demonstrated that persulphate was of intermediate toxicity to B. coli, 
the only compounds of higher toxicity being those containing toxic elements 
(As, Se, B), those liberating toxic gas (metabisulphite) and those
containing heavy rnetals (chromate, dichromate, etc.).' To Staphy 1 ococcus 
cltreus persulphate was very toxic. As persulphate does not contain any 
toxic elements its antimicrobial activity must originate from its 
oxidising power. However, no results were obtained which directly demon­
strated the toxicity of persulphate.
A large number of enaymes and co-enzymes■-which are indispensibie to 
bacterial metabolism contain the -SH group on which they depend for their 
activity. An example of this is co-enzyme A whose esters with carboxylic 
acids are utilised in cell metabolism:-
OP(OH)2 o h  o h  
CHCH<tH  CHCHpPOPO CHplCHjJjCHC N C H p n y  |vl CHCH^SH
o h  I 6  6  6 h  h  h
OH OH o
L--------“  lO fW o C H C t ^ C H pH.
Co * enzyme A
Similarly the thiol-disulphide interconversion is used by cells as a 
redox system. Thus thioctic acid is utilised in the enzymic conversion of 
2~oxopropanoic acid to acetic acid in bacteria:—
S —— S -t- SH SH
/  \  +2H I 1
CH. CH— (CH.) COOH ^  p  CH CH— (CHACOOH
/  -2H \  /
CHa CHZ
Thioctic acid 6 ,8 - Dithiooctanoic acid
Heavy metals (Hg, As, Ag, Cu, Sb, Cd and Pb) react with the sulphydryl 
groups (-SH) to give insoluble sulphides thereby inactivating the enzymes. 
These metals are, therefore, extremely toxic to microorganisms and inhibit 
their growth at very high dilution.
The antimicrobial action of oxidising agents is undoubtedly due to 
reaction.with these sulphydryl groups, inactivation being caused by oxidation 
to the corresponding disulphide (see section 2.1.5):-
2 R-SH  ----- — — > R -S -S -R  +■ H p
.Disulrjhid.es, in turn, may'be oxidised to the corresTJonding sulphoxide and 
sulphone (see section 2,1.3). Vigorous oxidants (HNO^) convert thiols to 
the corresponding sulphonic acid.
Several amino-acids (e.g. cysteine), which are important sources of 
bacterial nutrition, also contain the -SH group and their metabolism is 
often responsible for malodour production (see section 3 «10)• These, also, 
would be modified by the action of persulphate in aqueous solution. The 
oxidation of thiol to disulphide is favoured by alkaline conditions (37) 
making sulphydryl oxidation more probable in the early stages of treatment 
before the development of acid conditions. -
Eager and Winkler (298) studied the oxidation of various alkanethiols 
by potassium persulphate and showed that the initial product was, iri fact, 
the disulphide. However, the stoichiometry of the reaction showed that 
further oxidation took place. The reaction mechanism was as follows:-
(a) SX>a/-~zp==± 2S0.J
. (b). SOg + HSH— ^ ES‘ + H+ + SO, 2~
(c) chain termination
Paintes and Furminger (299) demonstrated that quite diverse proteins 
(chicken interferon, poliomyelitis virus and ribonuclease) were affected 
by low concentrations of either acid or alkaline persulphate, no mechanism 
was suggested. In addition, the influence.on both interferon and polio­
myelitis virus was much larger under acid conditions (pH 4*3)• Brewer (300) 
showed that enolase was degraded by persulphate, but only in the presence of 
8 molar urea. Compounds containing the thioether linkage (e.g. methionine) 
are also susceptible to oxidation by persulphate (see chapter 2).
Aiquel (297) showed that chlorate and persulphate were of equal toxicity 
to E . coli but persulphate was much more toxic to Staphylococcus citreus.
It was evident from this work that divalent ions were more toxic than 
univalent ions and that a significant number of the highly toxic materials 
were oxidising agents. The most toxic materials were those combining 
oxidant action with heavy metal content (e.g. dichromate).
Ammonium persulphate has been shown to be an excellent deodorant for
«
bovine faecal slurry,.both for preventing the accumulation of odorous material 
by early addition and’for removing odour from already fermented slurry.
These findings were supported by those of Lindvall et. al* ("/) who showed 
deodorisation of pig manure by ammonium persulphate. This compound is very 
suitable for addition to slurry when it is most nuisance, namely when storage 
tanks are disturbed. Its high water solubility allows easy mixing with 
slurry by means of a circulating system, thus causing no unnecessary distur­
bance. The compound is relatively safe provided proper precautions are 
taken to avoid contact with readily oxqdised materials.
The only drawback, at present, to its use. is its relatively high cost 
of £140 per ton (301); however, a Swedish company produces it at £35 per 
ton. If sufficient demand were made for the compound its price could undoubt­
edly be considerably reduced as there is little market for persulphate at . 
present. 6-owan (302) reported deodorisation of pig waste at Enkoping 
(Sweden) by addition of 3 kg of ammonium persulphate per ton prior to 
spreading, no odour was detected. The cost of this operation was estimated 
at £0.05 per pig*
A further advantage of ammonium persulphate is its high nitrogen content 
(l2.28yo) which is imparted to the slurry. This is very advantageous when 
the latter is used as a fertiliser and may make the purchase of synthetic 
fertilisers such as ammonium sulphate unnecessary. The short half life of 
ammonium persulphate in contact with slurry (about i day) minimises any 
harmful effects caused by addition of a strong oxidant to the soil*
The only possible deleterious effect of persulphate treatment of slurry 
is the low pH generated if subsequent land spreading is carried out. Small 
scale experiments (39)> however, showed that no undesirable effects were 
caused by moderately heavy dressings of persulphate treated slurry.
Corrosion of handling equipment would also be minimised if treatment was 
carried out immediately before spreading.
Another advantage of persulphate treatment stems from the intolerance 
of animal pathogens to acid conditions. These should be very efficiently 
controlled by the pH reduction attending persulphate treatment.
' This thesis has shown that the action of persulphate in deodorising 
animal wastes is far from simple and has gone some way toward elucidating 
its mode of action. At the same time a good deal of information v/as obtained 
regarding odoriferous materials in slurry and many previous findings were 
substantiated. It is vitally important that the action of compounds such 
as this be fully understood if maximum utilisation is to be made of 
increasingly more expensive 'materials.
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